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These guns supply clay under high pressure exactly 
where it is needed to give best results and safety in 


quickly plugging tapping holes. Fast, accurate and 
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Save furnace time with... 
“FLECTROMET” SILICOMANGANESE 


TRADE MARE 


ELECTROMET sil se is an excellent 
leox er for cle y steel quickly thor 
u This ymmbpinat or two 

1redients e rect prot fc 
leoxidat f the fu bath ~quse 
f Ww ent of the alloy. the carbon 
et eed t be reduced so much as 
A ‘ wise be ecess 
TI n of i deoxidation and low 
ent can ‘ h as 2 

ne pen near 

i t © we control of fina 

whe k the heat. ELecrromet 

8i 7anese is Gis well suited for iditions 
egisterec trade-m 


ELECTRO METALLURGICAL COMPANY 


A Division of U i i rbon rt tion 
East 4 New York 17. N.Y 


nd Street 
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to the ladle to adjust final specifications, particu- 
larly for engineering steels. 

ELECTROMET silicomanganese contains 65 to 68 
per cent manganese, and is produced in maxi- 
mum 1.50, 2.00, and 3.00 per cent carbon grades 
containing 18 to 20 per cent, 15 to 17.50 per cent, 
and 12 to 14.50 per cent silicon, respectively). 
ELECTROMET’S metallurgists, with years of prac- 
tical experience in steel making, will be glad to 
help you with the use of silicomanganese, or any 
ELECTROMET products. Write or phone the nearest 
ELectromet office for further information or ask 
to have one of our metallurgists call. There is no 
cost or obligation for this service. 


of Union Carbide and Carbon Corporation. 


Electromet 


| 


metallurgy installations 


Titanium Sponge Production 
KS-400 ———————-) _5-50 Ib. Melting and Casting 
KB-1200 _1000 Ib. Consumable Electrode Arc Melting 
KB-1500 ———- _Multi-Botch Carbide Sintering 


KSs-4000 350-500 Ib. Melting and Casting 
ond Arc Melting 8” dia. ingots 
KJ-S00OO Ib. Melting ond Casting 
ot 3 to 25 microns pressure 


KS-16,000 _ 1000 Ib. Melting and Casting 


at 0.8 to 15 microns pressure 


are working in these vacuum 
These pumps... 


and here’s how they work 


ic > 
2 000 A 
‘ ‘ 
cee + + — 


SPEED (liters /sec) 


If you work or plan to work in vacuum metallurgy, you can 
profit by CVC's practical experience in the field 
CVC is currently designing, building and installing high 
vacuum furnaces which solve many unusual problems. The 
wide range of pumps used in these installations and the know- 
how we have obtained from our work with them can go far in 
helping to solve your problems 
We welcome the opportunity to discuss high vacuum metal- 
lurgy with you. For further information and a copy of our 
“Information Memo” on High Vacuum Metallurgy write to 
Consolidated Vacuum Corporation, Rochester 3, N. Y. (a sub- 
sidiary of Consolidated Engineering Corporation, Pasadena, This b. high vee single KS-4000 pump is more 
economicol design ready tor i>. melts, he 
The buyer & sorting with wmply adds oncther 
350-». mets The 4600 4000 pump ond 1000-% 
Wers-persec. speed of col ond crucible 
Consolidated Vacuum Corporation 
ROCHESTER 3. 
Headquarters 
for High Vocuym soles offices: NEW YORK, N.Y. * CHICAGO, ILL. * BOSTON, MASS. * SAN FRANCISCO, CALIF. * CAMDEN, M. J. 
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ANALYTICAL CHEMIST 
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cherr si ry ethods a! nor 
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atings paint etc 
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ewing the qualit tions of 
June graduotes wit! B.S 
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for o tromiur sition 


METALLOGRAPHER 


Tale juote iv 
t with t teost nme t tw 
experience in industry 
Nonferrous experience de 
e but IDs utely 
essent We are w ng t 
th wit esses 
the nec y qualif tions 
These { tions offe ut 
fir } Or rturuties for 
rece ent na wr 
wit? n exponding 
tior nm reply please furnish 
Kg mo mo expe er e 
tote ry yrement 


Erng yment uperv 
KAISER ALUMINUM & 
CHEMICAL CORP. 
Trentwood Works 


Spokane 69, Washington 


wording ond ret 9 application. The ap 
f ¢ d in position by 
the plocement 
members may 
positions avoilable 


MEN AVAILABLE 


degree 1923 


Metallurgist, ChE 


citizen, married, linguist, excellent 
ealt t ad experience research 
and operation in fields including ex- 
tractive etallurgy, production of 
ferroalloy on metal, low car 
bon ferroall agne and zinc 
by vacuu process¢ electric smelt 
ng furnace ind processes, patents 
pending eek employment or con 


or pro 
M-138 


needed as Process Metal 
zist ~ mor facturing 
rr r pnor-bronze 
er tr form f 
a 
y giving oge 
‘ tment The Kiver 
je MA mMmpoany v fH 
t moony Riverside 
ey 


METALLURGISTS: Severa! openings 


both plant production 

biem nmnected 

with tes peratior r 

r ect jegree in En 

nee Excellent of 

tunity man to estot 

3e and jressive Orgor 

r whe yee training 

leve eceive keenest 

tt nm to tulf mpany policy 
‘ mot from with 

Rox RM AIME 


M.S. Degree, age 28, single. One 
year in copper smelter and three 
years experience in steel industry 
Special interest in steelmaking and 
quality control at open hearth and 
electric furnaces Migrating from 
Canada to states to become citizen 
M-i39 

Consulting Metallurgist, director 
of laboratories and technical proc- 
position utilizing his 
background with possibility of man- 
agerial advancement Registered 
P.E., ferrous and nonferrous. Fabri- 
cation, plating, welding, heat treat- 
ment, including induction, and flame 
hardening. Specification and inspec- 
tion systems to cover service re 
quirements. Age 34, married, family 
M-143 


Metallurgical Engineer, American, 
M.S. and B.S. in metallurgical engi- 
neering, married, 30, veteran, bilin- 
gual (English-Spanish); five 
experience copper smelter. Limited 
experience in steel mill. Thesis work 
for M.S. degree concerned titanium 
extraction. Desires employment met- 
allurgical industry. Available June 
1955. M-140 


Senior Physical Metallurgist, 40, 
married, two children Nineteen 
years ferrous and light metal expe 
rience in production, research and 
supervision. Well versed in physical 
metallurgy, trouble shooting 
rial specifications, inspections and 
manufacturing processes Experi- 
enced in development work on tur- 
bine bucket corrosion, high tempera- 
ture alloys. Desires affiliation with 
company offering responsible and 
challenging position. M-141-417-E- 
San Francisco 


esses desires 


years 


mate 


Electric Furnace Superintendent, 
assistant melting manager with 
Thirteen years 
melting and five years practical met- 
allurgy Wide experience in every 
type of melting and in all grades of 
stee! and superalloys. M-142 


metallurgical degree 


POSITIONS OPEN 


METALLURGISTS 
Alloy Development—<omposition devel- 


‘gy and 


Pr nm Met Engineer 


Metots Applicetion guidance of design 
Toc? mg engineers in the se 
J sng of ferrous or 

‘ s met 
Metollogrephy— experienced metollogro 
structures of ferrous 


mmercial ond exper 


Pitot Plent orocess jeveloo 
‘ ting, working ond heat 
tre ent on soe red high tempero 
ture and moonet 


sing solory 


A. ROSECRAN 
Moter Eng reering Dept 
WESTINGHOUSE ELECTRIC CORP 
Lost Pittsburgh, Pe 
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Metallurgist, graduate, with broad 
knowledge of metallurgy and met- 
allurgical ability to 
read and interpret engineering draw 


processes an 


ings and specifications. Should have 
experience 
$6492 to $7848 a year 


England. W1395(a 
Industrial Publicist, 28 to 32. ME 


or metallurgical 


severai years 


Salary, 


Location, New 


engineering gradu 
ate with experience to make field 
surveys, select material and prepare 
articles for technical journal Some 
traveling. Salary, $6000 to $7000 a 
year. Location, Ohio. W1387 


Metallurgists or Metallurgical En- 
gineers, under 40, to do applied re 


search in ferrous or nonferrous 
physical, process, foundry, welding 
ore dressing, metallography or re 


lated work in metallurgy. Location 


Midwest. W1492 


METALLURGIST 
stand 
pifotion hardening vocuu™ melting 
md other techniques. Development ex 
? perier owder metallurgy, physice 
= 


olloy ore ejected ot exoct time intervols 


NOW completely automatic die casting of alumi- 
num alloys is possible in smaller quantities than 
formerly, and at reduced cost. This fact should 
be of special interest to the manufacturer who 
has die casting machines in operation and is doing 
hand ladling. The unit is entirely sealed, the op- 
erator feels no heat, accident hazard is eliminated. 


Photo shows instellction of AJAXOMATIC Combined Holding Furnece ond Auto- 
maotic Pouring Unit in connection with die costing mechine. In circle at right 
shown o closer view of the spout from which uniform shots of molten cluminum 


This small, compact AJAXOMATIC”® unit will in- 
crease production of die castings by as much as 
25%, because it delivers regular, uniform quan- 
tities of metal into the die casting machine with 
no delay, immediately after dies are closed. The 
spout itself is heated and the temperature of each 
metal shot remains constant. 


For further information send for descriptive folder 


AJAX ENGINEERING CORP., TRENTON 7, N. 


AMA-WYATT 


AJAX ELECTRO METALLURGICAL and voted (ompemes 


AIAK ELECTRIC CO.. 
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POURING UNIT. 
“BENDIX AVIATION CORPORATION 
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Din Fx 
U. S. Patent 2,674,640 
Patent Apt y tior 
Be 


...Majord 1S upplier 


of Vacuum Melted Alloys 
to the Aircraft Industry 


UTICA 
Vacuum Melting 
Assures: 


Metale of werv high cleanliness 
with rtual nination of inclu 
and ants 
Max m wu formity of chemical 
omposition | n melt to melt 
(.reatly roper 
ties tt i extre, tresses 
part ariyvea 
gh tem pe a 
tures 
Por 
stor 
thes re 


Offer of our facilities ix 
subject te priericy of 
nations! defense orders 


Win the output of a second 1000-pound fur- 
nace—in addition to other smaller furnaces— 
the Metals Division at Urica has become one of 


the largest producers of vacuum melted alloys 


Experience gained in literally hundreds of 
melts has led to regular and consistent volume 
production with the most rigid control of the 
properties of the alloys. 

In addition, Utica, alone, offers not only static 
but centrifugal castings as well. The latter 


often permit signihcant reduction in costs. 


The Metals Division at Utica invites inquiries 
from prospective customers. Through refine- 
ments in technique, costs are constantly being 
reduced—and the Division is glad to work 
closely in resolving the customer's metallurgi- 


cal problems. 


ALLOYS 


UTICA DROP FORGE AND TOOL CORP., UTICA, N. Y. 
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Books for Engineers 


ORDER YOUR BOOKS THROUGH 
AIME—Address Irene K. Sharp, Book 
Department. Ten per cent discount 
given whenever possible. Order Gov- 
ernment publications direct from the 
agency concerned 


Professional Engineering Registra- 
tion Laws, compiled and published 
by Alfred L. McCawley. $8.75, 614 
pp., 1954—The compendium is the 
culmination of extensive research 
under the sponsorship of the Na- 
tional Society of Professional Engi- 
neers. The book presents state by 
state legal requirements for profes- 
sional practice. It covers in details 
such elements of state law as tem- 
porary permits, fees and bonds, the 
filing of maps, certificate applica- 
tions, education requirements, exam- 
inations, and public works projects 
Laws are cited for reciprocity, regis- 
tration renewals, corporate and part- 
nership practice, revocation of regis- 
tration, and violations and penalties 


Solubilization and Related Phenom- 
ena, by Mary Evelyn Laing McBain 
and Eric Hutchinson Academic 
Press Inc., $7.00, 259 pp., 1955—The 
book has been prepared in large part 
from work done by James W. McBain, 
who died in 1953. The authors felt it 
would be useless to discuss the sol- 
vent action of colloidal electrolyte 
solutions without at the same time 
dealing with the physical chemistry 
of the solutions themselves. Chapter 
three of the book summarizes the 
current knowledge of these systems 


Waterhammer Analysis, by John 
Parmakian. Prentice-Hall, Inc., $6.50, 
161 pp., 1955—A large number of 
graphs are used to cover a broad 
range of problems, offering solutions 
that can be obtained with little effort 
Graphs represent pump discharge 
line transient pressure effects; surges 
in surge tanks, and in air chambers 
on pump discharge lines. Opening 
chapters treat the rigid and elastic 
water column theories. A compari- 
son ts made between the two theories, 
and the limitations of the rigid water 
column theory are shown 


Aluminum Paint and Powder, 3rd 
edition, by Junius D. Edwards and 
Robert I. Wray. Rheinhold Publish- 
ng Corp., $4.50, 219 pp., 1955—The 
authors attempt to answer such 
questions as What is the present 
status of aluminum paint? Why are 
its applications increasing? and many 
similar questions. The new edition is 
completely revised, fully describing 
the manufacture, properties, and 
testing of aluminum powder. Special 
stress is given to processes involved 
leafing, density 
grading, and handling. Full chapters 
detail composition, properties, and 
uses of aluminum paint in a wide 
variety of applications. 


coior Orilllance 


Hundreds of thousands of telephone conversations or 
hundreds of television programs may one day travel together 
from city to city through round waveguides—hollow pipes— 
pioneered at Bell Telephone Laboratories. 


° Round waveguides offer tremendous possibilities in the 
Pipes endless search for new ways to send many voices great dis- 
tances, simultaneously, and at low cost. Today, Bell Labora- 

tories developments such as radio relay, coaxial cable and 

multivoice wire circuits are ample for America’s needs. But 

O tomorrow's demands may well call for the even greater 

capacity of round waveguides. 


Unlike wires or coaxial, these pipes have the unique 

Progress property of diminishing power losses as frequencies rise 
This means that higher frequencies can be used. As the 

frequency band widens, it makes room for many more voices 

and television programs. And the voices will be true, the 

pictures faithfully transmitted. 

These studies illustrate once more how Bell Telephone 

Laboratories scientists look ahead. They make sure that 

America’s telephone service will always meet America’s 

needs, at the lowest possible cost, 


New type of waveguide pipe formed of 
tightly wound insulated wire trans- 
mits better arownd corners than 
solid wal pipes. 


Testing round waveguides at Bel! Telephone Laboratories, Holmdel, New Jersey 
Unlike coaxial cable. waveguides have no central conductor. Theoretically, “ 
voice-capacity is much greater than in coaxial cable. th 


@® Bell Telephone Laboratories 


Improving America’s telephone service provides careers for creative men in ecientific and technical fields. 
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the 
Morgan 
Ejector 


. . » does it efficiently, and 
economically. Notice that the 
gases and fumes do not pass 
through the fan. Cold air shot 
through a Venturi tube cre- 
ates a vacuum that draws the 
fumes, mixes them with the 
cold air and releases them to 
the atmosphere at reduced 
temperatures. 


The Morgan Ejector is 
operating efficiently in many 
installations. It has proved 
that it can do a tremendous 
job at relatively low cost. Let 
us tell you more about it. 


CCC-37 


MORGAN CONSTRUCTION COMPANY worcester, ma 
ROLLING MILLS © MORGOM BEARINGS © WIRE MILLS + REGENERATIVE FURNACE CONTROL © EJECTORS © GAS PRODUCERS 
H.H. Wood, Rep., Koper Bldg., Pitrburgh, Pa. English Rep., International Construction Co., 56 Kingsway, London W.C. 2, Eng. 
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Industrial Notes 


Government research contracts in 
excess of $83,000 have been awarded 
the dept. of metallurgical engineer- 
ing at Case Institute of Technology, 
Cleveland, Ohio. The largest con- 
tract, for $35,000, is for continued 
work on the delayed fracture mech- 
anism in ultra-high strength steels. 
The project is sponsored by Wright 
Air Development Center. A contract 
for $24,000, sponsored by the Office 
of Naval Research, will extend work 
on the flow and fracture of metals. 
Studies will also be made under a 
$23,000 contract on high temperature 
sealing ef zirconium, sponsored by 
the Atomic Energy Commission. 


e A new dept. of metallurgical engi- 
neering has been established at New 
York University’s College of Engi- 
neering. The school's first instructor 
in metallurgy was appointed 20 
years ago. Until the establishment 
of the new department, metallurgy 
has been the province of the dept. of 
chemical engineering. The formation 
of a metallurgy department coincides 
with the celebration of the engineer- 
ing college's centennial 


@ Michigan State College, first of the 
land-grant colleges in the U. S.., is also 
commemorating its centennial this 
year. As its part of the celebration 
the School of Engineering sponsored 
the sixth in a series of 10 academic 
symposia as a means of focusing at- 
tention on automation. The sym- 
posium was held May 12 and 13 

@ The 118 year old American Loco- 
motive Co. has changed its name to 
Alco Products, Inc. The new name 
has been adopted to reflect the com- 
pany’s increasingly diversified opera- 
tions which have grown beyond its 
role as a leading locomotive sup- 
plier.” The company has been in con- 
tinuous operation since 1837, when 
the Rogers Locomotive Works Pat- 
erson, N. J., produced its first loco- 


motive 


¢ Timken Roller Bearing Co.'s steel 
div. is to undergo a $360,000 steel 
mill expansion program. To meet in- 
creased demand for heavy walled 
long length tubing, the Gambrinus 
piercing mill will be lengthened to 
pierce tubing from 50 to 130 pet 
longer than present lengths. Other 
mill equipment will be enlarged and 
modernized. Engineering work on 
the program is already underway. 


@ Union Carbide & Carbon Corp. is 
building new research laboratories 
at Parma, Ohio, designed to engage 
n basic exploratory work. Much of 
the work will be on solid state 
physics research in the broad ab- 
stract sense, as well as the prac- 
tical investigation and design of ma- 
terials to meet future requirements 
of industry. Work will be done with 
metallic and nonmetallic compounds 
f carbon as well as analogous com- 
pounds such as intermetallics and 
semiconductors 


© The second International Powder 
Metallurgical Congress will take 
place at Reutte, in the Austrian Ty,- 
rol, June 20 to 23, according to its 
sponsor, Paul Schwarzkopf, president 
of American Electro Metal Corp., 
Yonkers, N. Y. Europe's largest pow- 
der metallurgical company, the Met- 
allwerk Plansee, owned by Dr 
Schwarzkopf, is located at Reutte 


© Reynolds Metals Co. is planning 
construction of a $3 million extru- 
sion plant on its Bellwood property 
in Chesterfield County, 14 miles from 
downtown Richmond, Va. Construc- 
tion is scheduled to start in early 


summer and operation is expected 
by the first of next year. Aluminum 
extruded shapes will be produced 
from two presses. 


© International Nickel Co. offers a 
new booklet, Equipping the Pickle 
House, as a practical guide to greater 
production at lower cost in a wide 
variety of pickling operations. The 
32-page, two-color booklet describes 
the use of specially designed Monel 
equipment in the processing of large 
and small fabricated parts, hollow 
ware, and forgings and castings as 
well as common mill forms of steel 


and tin plate 


be of value to you 


Roe 


are you producing 


321 STAINLESS STEEL 


Titanium Stabilized 


low aluminum residual in this steel tends to lessen the 


formation of the detrimental Sigma phase 


this can be more easily accomplished by the addition of 


low carbon Ferro Titanium which is low in Aluminum 


TAM, as a principal supplier of low carbon Ferro 
Titanium, is equipped to supply your requirements. Our 
PI 


broad experience in the application of LCFT may also 


Why not write our New York office for the latest tech- 


nical information as well as prices and deliveries 


TAM 
PRODUCTS 


TITANIUM ALLOY MFG. DIVISION 
NATIONAL LEAD COMPANY 
Executive and Sale Ofhee 
111 Broadway, New York City 
General Offices, Works and Research Laboratories 


Niagara Falls, New York 
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generating units. Field and laboratory work dis- 
closed several available steels capable of satisfactory 
service when delivering steam at temperatures up 
to 1200°F, except when certain types of residual oils 
and waste fuels are burned 
The U. S. Navy Bureau of Ships cooperated in de- 
signing special apparatus for tests to be made at the 
Philip Sporn plant of American Gas & Electric Co., 
where steam at 2000 psi and 1000°F is available. 
Electric superheaters and counterflow heat exchang- 
ers will be installed, providing required steam tem- 
peratures. Steam will pass through five test racks of 
identical design. The first two racks will contain 
specimens of selected ferritic steels maintained at 
1100° and 1200°F, respectively. Specimens of se- 
lected austenitic steels, held at 1200°, 1350°, and 
1500°F, will be in the other three racks 
x years are envisioned before the pro- 
gram at the Sporn plant will be completed. Expos- 
ure of specimens to steam for at least three years is 


Special equipment designed and installed at Pur- 
due University is employed to study the effect on 
heat transfer of the corrosion products formed by 
team on the inside of steel tubes. Steam is passed 
through a counterflow heat exchanger and electric 
uperheater connected in series delivering steam at 
1000°F. Steam is then passed through two identical 
heat exchangers in series, one containing a clean 
and the other a corroded tube of the same steel 


t of the scale on heat transfer is determined by 
measuring flow and temperature rise through the 
two heat exchangers 


A‘ least one man thinks that “there is a dash 


if hysteria in this sudden concern about inter- 
esting many more women in science and technol- 
That man is Howard A. Meyerhoff of Colum- 
bia University and executive director of the Scien- 
tific Manpower Commission, Washington, D. C. He 
sees its derivation in the critical shortage of trained 
vat has been part of the American scene 
since June 1950. Also, in recent months a great deal 
of concern has been expressed over the huge num- 
bers of engineers and scientists that have been 
trained by the USSR By 1960, it is estimated, 
Russia will have as many engineers as the U. S 
The number of scientists should be equal by 1965 if 


the current pace is kept by both countries About 
one fourth of Russia’s engineering graduates, and 
slightly more in scence, are women 


But according to Mr. Meyerhoff in the Science 


Counselor the fact that we need new recruits 
from untapped sources, and that the Russians are 
turning out two and one-half times as many tech- 


nologists as we are, of which one quarter are 
} 


for the 


high schools to 


good reason 


women, does not offer a sir 
girls who are graduating from our 
queue up at the doors of science classrooms in our 
colle ges 

He feels that men are not the least bit worried 
about “being trampled by a stampede of female 


freshmen in the engineering schools.” Yet, he is of 


NEW prod] process an- 
A minced by United Chromium, Inc. for use di- 
rect tee! rep rted to provide better corro- 
mn re tance than rdinary chromium plating 
i Named ( wck-Free Chromium by United, the new 
plate leposited free of any structural impertec- 
tion. It can be plated directly on steel without nickel 
pe indercoating 
Other properties claimed for the new process are 
i 4 eft ent tior excellent adhesior a none- 
f irface, and superior ductility compared to 
th mium finishe Photomicrograph of a 
, ectiol f the Crack-Free plate show a dense, 
ntinuou tructure. The deposit is light gray matte 
‘ ince in be buffed to a higt iste! 
ise ecia mic acia type bath 
it ti egulat the ata t concen- 
ia iting equipment and pt cedure 
eT Dat? prepared Dy iving 
é RHS Compound CF-500 in water. The 
ind ised for maintenance Plating : 
: it the same as for ordinary chromium 
Viaytag ( Newton, lowa, put the first mass- 
t iting e using the new piate into pro- 
15 part neluding shafts, pivots 
chime ina a were proce ed. After 
i vea ire t 00 oct humidity and 120° F. the 
ey t good wea ‘ tance, exceilent level- 
te ti ind mple and troubie-free 
tand in the wa f furthering the 
‘ entra tear generating piant 
evere ve act [nigh temperature 
ire acK t irgica tat t nm the 
silable f iperheater tubir Yet re- 
beer es] die decline in 
nf m the hame nd at least keep- 
t ‘ ind indust al use ata 
itat ‘ the pi everything 
x 
su the nt blem have been mads 
f al ‘ Between 1936 and 1942 a special 
} ttee of the American Society of Me- 
en red W Kk on the matter at 
t F need by Engineering Foun- 
j lust the researcn came t 
t because i War UU. It wa e- 
P ere tive teary © at temper- 
venue ‘ inde nvestigatior ght 
the ert thy film ed 9 stee] 
eat ire tea t tempe tures 
bet wee ar thy ‘ e of ine 
hente the ene intered with commer 
cial the met tab f the mate- 
ria luring high temperature ery et pet i Ay 
Laboratory tests witt nthetic atr pheres have 
been completed along with field tests in 11 different eC 
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the opinion that there is room for many more women 
in the engineering professions—at least for the kind 
who have demonstrated a liking and ability for basic 
engineering and scientific thinking. It is important 
to note that mathematics, an important test in this 
case, was the major of 1274 successful female bach- 
elor candidates or 29 pct of the total taking this 
major in 1953. While few women continue graduate 
studies in anything but home economics, dietetics, 
and similar work, 112 earned master’s and 14 doc- 
torates in mathematics 

Mr. Meyerhoff observes that female study habits 
are usually better than those of male students. “It's 
a rare teacher who does not succumb to the charm 
of a student, male or female, who takes an intelli- 
gent interest in his course.” 

Graduate work is also open to the woman who 
wants to take the plunge. Only a few archaic de- 
partments place any road blocks in the way, and 
merit is the sole basic for evaluation, “after it ap- 
pears certain that the girl graduate wants to earn, 
rather than marry a Ph.D.” 

The score in industry is somewhat different. Most 
research laboratories do not hesitate to place a 
woman in any position for which she is qualified 
Yet, women are seldom considered when travel, 
field work, or branch installations are involved 
That part of engineering is still “a man’s world.” 


NE of the most interesting things to come out 
of the Third National Air Pollution Symposium 
at Pasadena, Calif.. was a proposal for a national 
air pollution abatement committee. The group, as 
conceived by William C. Foster, president of the 
Manufacturing Chemists Assn., would be made up 
of state and federal officials, and industry represen- 
tatives. The committee might serve in an advisory 
capacity to the President 
Mr. Foster pointed out that while air pollution is 
by nature a local problem, it is sufficiently wide- 
spread to require “national consideration.” Mr 
Foster offered no immediate solution to air pollu- 
tion. He terms it one of the great single problems 
facing industry today. Some 68 bills have been in- 
troduced to 12 state legislatures. The Congress of 
the U. S. has another 20 bills in its hopper. Mr 
Foster notes that some of the bills introduced 
around the nation are unduly restrictive 
Industry alone is not responsible for air pollution 
Mr. Foster felt that industry had departed from its 
role of public whipping boy to some extent. “We 
have learned that the time has passed when pollu- 
tion was a natural concomitant of production and 
the community involved could take it or leave it.” 
“A good deal of pollution exists today because of 
either indifference or ignorance,” Mr. Foster said 
Modern living has thrust several causes of air pol- 
upon the nation. They are 
public and industrial; open burning; and 
points out that human 
A man who owns a 


lution incinerators, 
private 
automobile exhausts. He 
traits enter into the situation 
$1 million plant three years away from obsoles- 
cence, is going to “buck like a Brahma steer against 


“Trends 


spending $250,000 on air pollution abatement equip- 
ment.” And “If you put up an apartment house 
last year with flue-fed incinerators, you're not go- 
ing to take very kindly to the idea that they should 
now be immediately replaced.” 

Considerable research is needed into those areas 
of uncertainty which still exist. In spite of a tre- 
mendous mass of work being done by a huge num- 
effective control measures for the 
elimination of all kinds of air pollution are still 
unavailable Possible toxic effects of 
exposure to certain air pollutants is still not well 


ber of people 
continued 


understood 
Mr. Foster 
public information 
street wants to know why his al 
wants to know what is being done to help his situ- 


also expounded the necessity for a 
program. “The man in the 


is polluted and he 


ation.” 

Mr. Foster sees his proposed committee perform- 
ing several vitally needed jobs. It would coordinate 
industry support. Local] interest would be properly 
represented. The committer 
to collect information but to implement a national 
short term goal might be 


would serve not only 


information effort. Ons 
to check air pollution so that it does not grow along 
with population 


These two forging goliaths are now in production of vito! oicroft 
structural components at the U. 5. Air Force's heavy press plant 
ot Aluminum Co. of America’s Cleveland, Ohio Works. The 
35,000 ton capocity press in the foreground rises 42 ft above the 
floor ond extends 34 ft beice~ The 50,000 ton unit m the beck 
ground stands 50 ft above the floor and 36 ft below 


JUNE 1955, JOURNAL OF METALS—729 


j 
| 
ae. 


fi 


SECOND 
TIMER 


“ 

new, rapid and accurate timer 
for X-ray diffraction and spectrographic analysis 
The new Norelco 100 KC Decade Scaler is a single lead. To time a fixed count, the timer 
compact direct-reading unit for nuclear mea- is set to zero. The goniometer is positioned to 
surements and other applications requiring the desired 26 angle and the timer and counting 
both the high speed and flexibility of accurate circuits are started simultaneously. When the 
electronic counting. Readout ts easily observed total number of counts have been registered— 
; since the decimals on each of the EIT counter both the timer and counting automatically stop. 
| tubes is brightly illuminated. For standard The time is then read directly from the illu- 
counting, maximium count is 999,999, minated numbers on the EIT tubes, in seconds 

(999,999,999 with mechanical stage.) and thousandths of a second 
Used as a timer to provide accurate counts With the advent of newly developed Norelco 
per second, a tuning fork is wired to the last fast detector tubes, (scintillation and propor- 
stage of the unit. The tuning fork oscillator tional with counting rates over 100,000 cps), 
produces a steady 1,000 cycle signal—offering the need for highly accurate timing for measur- 
* a simple method by which time intervals can ing small intervals is imperative. At high imput 
be measured to 1/1000th of a second photon rate, the necessary accuracy of a count 
The new timer can be installed into the lasting over a short interval of time, is obvious. 


Electronic Circuit Panel and connected by a 


Serving Science BH El PS 


and Industry COMPANY, INC. 
750 Seuth Fulten Avenve, Mount Vernon, N.Y 


ecrlde 
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imagine a 


with these dimensions! 


furnace 


Small enough 


for laboratory 

| experiments 
SN 

| } for pilot plant =. | 


Imaginations were allowed free rein at Battelle 
Memoria! Institute, Columbus, Ohio, and this 
Lectromelt* Furnace Equipment is the result. Any 
type of furnace shell can be employed, including a 
7-foot, open-top stationary smelting shell, a travel- 
ing, rectangular hearth for progressive smelting, or 
a steel-melting type of 1-ton capacity with 90° nose 
tilt. All can be operated with or without a roof 
Electrodes can range from four to eight inches in 
diameter, and can be placed in any configuration 
triangular or in-line. 144 possible voltage connec- 
tions, from 23 to 554 volts, are provided by the 
oversize furnace transformer. 


Battelle is counting on you to put this furnace to work 

The scope of metal refining and recovery projects 
will be widened considerably by the addition of this 
second Lectromelt Furnace. Two-slag smelting re- 
search on methods of recovering metals now wasted 


operations 


; Battelle is putting these two Lectromelt Furnaces 
to work for industry in a new building designed 
specifically for large-scale research studies. 


is an important possibility. Cheaper scrap for melt- 
ing... how to handle hot metal charges. . . special 
reduction and melting processes more econom- 
ical use of the high temperatures developed in 
electric furnaces—-these are typical problems war- 
ranting study 

Added knowledge on the physical chemistry of 
slags will broaden the field of application of elec- 
ferro-alloy production 
can be analyzed the 


exact gradations in voltage provided. A cut in cal- 


trothermics. Procedures in 


more accurately because of 


cium carbide costs may result from a search for a 
method of using a poorer grade of raw materials 
and a recirculation of calcium oxide sludge 

For a free copy of Lectromelt’s Catalog No. 105, 
write Pittsburgh Lectromelt Furnace Corporation, 


326 32nd St., Pittsburgh 30, Pa. 


WHEN YOU MELT... 


MOORE RAPID 
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A™ RICANS have beaten yellow feve malaria The heavy press program had been the subject of 


the plane, the telephone limbed many articles in the trade press for the past three 


Mt. Raini i ered the North Pole, and per- years. It involved the development and application 
‘ ther feat f daring and scientific of the largest hydraulic forging presses ever used in 
I In England France they would have this country. Alcoa served as general contractor for . 
been | ed with either Knighthood mem ber- the plant, built next door to its Cleveland works, 
Legion of Honor. But, we as Ame an and operates the plant under a lease arrangement 
have al ngle transcending honor for great- with the Air Force. Included in the plant is a com- 
etimn plete die shop; 19 furnaces for soaking ingot, heat- 
rt nt Eisenhows proposal for a Medal ing forging stock and for heat treating and aging 
i Civ Act ment could fill a semi-finished forgings; 9 special radiant-type car 
: t f i long time. It not bottom die-heating furnaces; quality control equip- 
entists that lack tru ecognition, but ment; and much auxiliary equipment such as cranes, 
phe write is we The mall presses, etc 
th tl volutior f 1791, abolished all Alcoa’s president, L W. (Chief) Wilson, accepting 
b icy. Napoleon, how- the plant for the company, paid tribute to the Air 
! t He est hed the Legior Force and the aircraft industry. “America’s Air 
H ‘ ise } ed that there i funda- Force and the aircraft industry, since their very be- 
the part of the na- ginning, have never contented themselves with to- 
lay’s design for tomorrow's aircraft. Ever search- 
led f hievement it ing, ever changing, ever improving—designers and 
ghtly different builders, alike, are in an unending race with prog- 
gninficent re Intensely competitive, they are daring, imag- 
I acciné inative, and above all, they are creative. There is 
gth to go on with no room among them for self-satisfaction and com- 
he iragt placency. They are determined to improve, to excel, 
t ft wn to look ahead constantly so that no plane, even while 
Kk was strengthened by n its design stage, is ever felt to be the best that 
iny- can be built or will be built”. Air Force Secretary 
: eceive the Harold E. Talbott, who pressed the buttons that 
‘ approves the tarted the two large presses, called the new plant a 
vital addition to production capacity of the nation’s 
t tist aircraft industry 
e should be Ail of the presses in the Air Force heavy press 
tain to be program are expected to be in operation before the 
: LIM have ntributed im- end of this year. The entire press program consists 
i of living, and yf four forging presses and six extrusion presses, The 
some of the men of forging presses are: a 50,000 ton Loewy press and a 
honored $5,000 ton Loewy press (operating) at Wyman- 
abroad than at Gordon in North Grafton, Mass.; a 35,000 ton United 
Engineering & Foundry press (operating) and a 
0,000 ton Mesta press (operating) at Alcoa in Cleve- 
é t Air F e and A : and. Extrusion presses are a 14,000 ton Schloemann 
L the Air F : press (operating) at Alcoa in Lafayette, Ind.; two 
$279 the main features 8000 ton Loewy presses at Kaiser Aluminum & Chem- 
cal in Halethorpe, Md.; a 12,000 ton Lombard press 
0,000 tor and an 8000 ton Loewy press at Harvey Machine Co 
‘ With 12 ‘ n Torrence, Calif.; and a 12,000 ton Loewy press 
he ’ presse (operating) at Curtiss-Wright in Buffalo, N. Y 
H d extra- The Farmers Almanac and the weather bureau 
pectacula ipe must have been consulted well in atlvance. The big 
al circl jay, May 5, was just perfect. We took off from New 
accepted York in a MATS Convair, with an Air Force crew 
Ar tt irge { ect No stewardess, though. Transportation was pro- 
k the tour of vided by the Air Force, and Alcoa saw to it that all 
guests were amply provided for at the luncheon fol- 
Iw t alternat vided with the lowing the dedication, and at a cocktail party and 
j ifac- dinner in the evening. These events, in addition to 
tu nm | luce f t th ume providing the necessities of life, are an opportunity 
nit pre ‘ ised if ma ‘ In addition, to meet the people associated with the various pro- 
forging in be | tuced é t much larger jects and aid in gathering information to further the 
tha efore, Dut with great mpiexit jue to understanding of the objectives and scope of the 
much higher pre ires exerted the dix Impres- work being done 
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How to use 


New USS Steel 


to reduce welding costs 


New USS “T-1” Steel is three times 
as strong as ordinary mild steel 
has a yield strength of 90,000 psi 
Yet, despite its very high strength, 
this new alloy steel is easy to weld 
It requires neither pre- nor post- 
heating when you weld or flame cut 
it. You can use its unique combina- 
tion of properties to reduce fabricat- 
ing costs and speed assembly in pres- 
sure vessels, construction machinery, 
mining equipment, bridges, towers, 
and pipe 


USE “T-1” TO REDUCE THICKNESS. You can 
take advantage of the exceptionally 
high yield strength of “T-1” Steel 
to reduce the size and weight of 
heavily stressed parts. Weldments on 


UNITED STATES STEEL CORPORATION, PITTSOURGH 
TENNESSEE COAL & DIVISION, FAIRFIELD, ALA. 


CONSTRUCTIONAL ALLOY STEEL 


a3 


thinner sections take less time . 
and less welding rod 


FABRICATE “T-1” IN THE FIELD. You can 
weld “T-1" Steel anywhere. Since no 
pre- or post-heating is needed, you 
don’t have to confine fabrication to 
locations where heat treating facili 
ties are available. You can assemble 
heavy-duty equipment in the field, 
and you can repair it in the field—at 
great savings. 


WHAT ABOUT JOINT EFFICIENCY? Weld- 
ments in “T-1" Steel deveiop the full 
yield strength of the steel -—— 90,000 

si—when made with AWS E12015 
ow hydrogen coated electrodes with- 
out pre- or post-heating. As a result, 
weight reducing designs Based on the 


UNITED STATES STEEL Ste TORE 


SEE THE UNITED STATES STEEL HOUR. It's o full-hour TV program presented every other 
week by United Stotes Steel. Consult your local newspaper for time ond station. 


COLUMBIA-GEMEVA STEEL DIVISION, SAN FRANCISCO 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTR eUTORS 


~~ 4 


greater strength of “T-1” Steel are 
completely safe and reliable 

Send the coupon for complete facts 
about this amazing new alloy steel. 


| United States Steel, Room 4/4 

| 525 Williarn Penn Place, Pittsburgh 30, Pa 

! Please send me your booklet “United States 

; Steel presents 7-1 which contains the full 
story of “T.1” steel. 

}Have your representative get in touch 
with me 

| 

Nome 

| 

| Address 

] City State 

= 


x 
¥ Be 
2 
{ 
; 
% 
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Heavy tooth loads 
require gears of 
Nickel Alloyed Steel 


For high compression 
strength and wear resistance 


THE GEARS BELOW actuate movements of a 
giant, high-speed earthmover. 

When the machine scrapes up a 23 cubic 
yard bite of earth to haul away at almost 
30 miles per hour, the gears often carry 
extremely heavy loads 

But any reasonable set of demands can 
t by use of nickel alloyed steels 


For Example 


Where you need maximum wear resist 
ance in the surface, plus all the surface 
compressive strength you can get, use a 
nickel alloy carburizing steel 

These steels provide extremely tough 
cores that resist shock loads, fatigue and 
bending stresses. In addition, they mini 
mize the distortion in heat treatment which 
is a major cause of noisy gears. 

Where tooth loading is heavy, but surface 
compressive stresses and wear are not ex- 


treme, use a direct hardened nickel alloved 


teel. It will give you the needed strength 
more consistently and in heavier sections 
in carbon grades 


Generally, steels containing nickel offer 
gh resistance to shock, fatigue and multi- 
axial stresses. Moreover, you can readily 
machine nickel alloy steels before final heat 


Booklet gives 
complete story 


Meet the demand for gears that permit 


hich speeds and heavy ioads. For gears that 


run amootn last long. Every engineer 
and designer should have a copy of “Mod- 
ern Trends in Nickel Steel and Cast Iron 
Gear Materials.” This illustrated booklet 
contains a wealth of information and 

data. It may be exactly what you : 
want. It’s yours for the asking. 
Write for your copy now. 


Gears and Pinions of nicke! alloyed steel stand the gaff in earth- 
moving equipment produced by Le Tourneau-Westinghouse Co., 
Peoria, Ill. The grades of steel used include 3310-H and 4820-H 
for severe duty, 4320-H for medium heavy service and 8620-H 
for relatively lighter tooth loads. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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Journal of Metals Reporter 


Experiments to obtain manganese from steel slag at Coxton Yards, 
Duryea, Pa., proved unsuccessful and the plant has been 
closed. When the pilot plant was first built in 1953, 
initial tests were reported successful. At the peak of 
operations, Mangaslag, Inc., employed about 200 persons. A 
$1 million mortgage had been executed by officers of the firm 
and the Defense Minerals Production Administration. At the 
time of filing, it was reported that the $1 million had been ei 
presented as an advance for 5000 tons of ferromanganese. Last aa 
May Mangaslag had received an additional $320,000 from the a 


Government for continued testing. 


Wah Chang Corp. and the U. S. Bureau of Mines have entered into a 
cooperative agreement for research and development work on an 
improved titanium sponge metal production process. Work will 
be done at the Bureau's Boulder City, Nev., experimental 
station. Major expense will be paid by Wah Chang. 


Anaconda Copper Mining Co. shareholders voted to change the com- 
pany's name to the Anaconda Co. The move was made in view of 
the company's diversified products and operations. 


World's largest aluminum plant stretcher wili be installed at 
Aluminum Co. of America's Davenport, Towa Works under an 
agreement with the U.S. Air Force. The $10 million installa- 
tion will mark the fourth major expansion at Davenport in 
three years. Capable of exerting two-way pull of 16 million 
lb, the new equipment will permit Alcoa to produce heavy, 
heat treated aluminum plate in record sizes. 


Approximately $300 million will be spent by manufacturers, 
electric power companies, research institutions, and other 
non-government organizations in the next four years on atomic 
energy research. A report issued by Atomic Industrial Forum, 
Inc., also revealed that between 3 and 5 million kw of electric 
capacity may have to be built and operated on an uneconomic or 
break-even basis before reactor generated power can become 
competitive with conventional power. Large reactor power 
plants will become economical some time after 1962. 


Roan Antelope Copper Mines, Ltd., and Mufulira Copper Mines Ltd. 
are offering fixed prices for copper to those of their customers 
in the United Kingdom whe are willing and able to instill a 
degree of stability into copper and brass products resale 
prices. Mining company prices will remain fixed, initially 
that is, for not less than 30 days. Thereafter, prices will 
be subject to change on 24 hr notice, with the new price re- 
maining fixed for a definite period. 


There is evidence that a third round of aluminum expansion will be 
urged on the Defense Mobilization Board by the Office of 


Defense Mobilization. Despite tremendous production increases 
with existing facilities, Government had to permit deferment 

of 75,000 tons to stockpile, with industry expected to request 
deferment of a similar amount during the second half of the year. 
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Lowering of Airco batch feeder into ladle for injection of calcium carbide. 


Now! Gray-lron foundries can reduce 
cost of producing ductile iron 


INEXPENSIVE AIRCO CARBIDE INJECTION PROCESS CAN SAVE UP TO 
50% BY REDUCING NEED FOR EXPENSIVE ALLOYS 


Calcium carbide, dry nitrogen and a simple, in the new process have reported substantial savings 
uJ batch feeder are all that gray iron foun by substituting less expensive alloys. Another fea- 
dries need t duce production costs of ductile ture of the process is its flexibility, since by using 
if thanks to a new process developed by Airco carbide treatment the same cupola charge may be 


: used for producing a variety of grades of iron. 
When finely ground Airco No. 20 Special Car- ee a ee 


bide ected with nitrogen into molten iron, the The new calcium carbide injection process is the 
, hurization is so uniform and efficient that result of Airco Technical Service's continuing 
\luced fron i cupola iron effort to find new, profitable techniques for cus- 
irbide treatment. The low sulphur content tomers. If you have a cutting, welding or metal- 
f carbide | ted s~as low a means lurgical problem, why not ask Airco to help you? 
t! } tit f ex ‘ sllovs may be reduced Write to your nearest Airco office 
with ¢ sacrifice of mechanical qualities Users of 


Divisions of A Peduction Compary, 
Incerporoted « th offices ond 


Geotert mes! res 


AIRCO Air REDUCTION tr Sie 
Represented internationally by 
— = 60 East 42nd Street ¢ New York 17, N. Y. Foreign Sumeiiaries 


Air Reduction Canada Limited 
Cuban Air Products Corporation 


Preducts of the divisions of Aly Bod aco adustria!l gases, welding ond cutting equipment, and ccetyleric chemicols * PURECO — 
ice * OHIO — med and equipment * NATIONAL CARBIDE — pipeline acetylene ond colcium corbide 
COLTON pelyviny! ond offer syethetic resins 
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AT THE FRONTIERS OF PROGRESS YOU'LL FIND... 


Journal of Metals Award Paper — 


Gary Blast Furnace Operates 
Successfully on 100 Pct Sinter Burden 


by R. W. Sundquist 


XCELLENT results obtained from using high per- 

centages of sinter in many European blast fur- 
nace burdens prompted U. S. Steel Corp. to conduct 
a test on one of its furnaces to determine if similar 
results could be achieved. In order to conduct a fair 
trial, it was felt to be essential to use a furnace 
whose lines were known to be intact. No. 12 furnace 
of the Gary Works which had been blown in July 
20, 1953, after a stack relining was chosen. This 
furnace, shown in Fig. 1, has a hearth diam of 25 ft, 
16 tuyeres, and a working volume to hearth area 
ratio of 68 

It was decided to put the burden on rapidly in the 
following manner: Starting with 22 pct on Aug. 10, 
1953, the sinter was raised to 35 pct on August 11 
50 pet on August 14, 75 pct on August 20, and the 
final step in replacing all the ore with sinter took 
place on August 27. The furnace moved smoothly 
throughout the transition period and the changeover! 
was accomplished without any operating difficulty 

During the run at Gary, hearth temperatures 
stayed at a normal level, and iron was produced 
averaging approximately 2700°F, with an average 
carbon content of 4.65 which is normal for these 
basic furnaces 

The first major difference noted between standard 
ore practice and 100 pct sinter practice was the 
effect on blast temperature. The sinter burden not 
only permitted the use of high blast temperatures, 
but actually demanded them resulting in an average 
of 1220°F for the entire test period. At the same 
time the average heat carried on all other basic iron 
furnaces was 996°F, and on No. 8 furnace, which 
was comparable to No. 12 in both size and age of 
lining, 1024°F was carried. It was not at all un- 
common to operate at 1400° to 1450°F, the maximum 
available in the stoves, for two or three days at a 


time, and more could have been used had it been 


available 

After about six weeks of trouble free operation, 
short hanging spells were encountered. The hanging 
usually started while the furnace was making good 
quality iron, sometimes a little on the hot side. Heat 
cuts were the first resort in attempting to correct 
this condition; however, this move nearly always 
proved to be unsuccessful. After several such hang- 


R. W. SUNDQUIST is Div. Superintendent, Blest Furnaces, Gory 
Works, U. S. Steel Corp, Gary, ind. This paper was presented ot 
the AIME Notional Open Hearth Conference, Philadelphic, Apr. 18 
to 20, 1955 


ing spells, it was found that raising the heat short- 
ened the hanging time considerably. There were 
several of these short intervals of hanging in Octo- 
ber and the first part of November, but there seemed 
to be little effect on either the amount of iron pro- 
duced or the quality of the iron. Early in November 
it was decided to increase blast temperatures im- 
mediately whenever the furnace began to tighten 
up. After the adoption of this practice, the furnace 
smoothed out, and there were very few interludes 
of hanging until the middle of February 

Another point of interest was that the furnace 
would not take as much blast volume as when on 
ordinary burden. During the first few months, the 
higher pressure reached, while the furnace was still 
moving normally, caused trouble with the recip- 
rocating gas engines, resulting in very uneven blast 
pressures, and it is believed that this helped tighten 
up the furnace and started many of the hanging 
spells. As soon as a turboblower was available, it 
was put on the furnace. Although the turbo was 
able to deliver an even flow regardless of the pres- 
sure, it did not reduce the number of hanging periods, 
which were eventually corrected by the application 
of heat 

During the latter part of February, the furnace 
again began hanging, occurring as before, withovt 
any visible change in furnace appearance. Toward 
the end of March, contact pyrometer reading hown 
by Curve A in Fig. 2, seemed to indicate a build-up 
had occurred in an area 16 to 30 ft above the mantle, 
with the lowest temperature indicated at the 25 ft 
level 


At 30 ft the shell temperature rose again until it 
reached the level expected by projecting a line from 
the temperatures below the 20 ft level. After sev- 


eral series of these readings with the cor 


Table |. No. 2 Sinter Plont Mix, Pet 


Constituent Sept Ot Nov Jan Mar Apr 
ent du 25 22 8 a4 4 
Ore: Oliver 59.1 “4 «2 

live 2 a4 
Scale 57 a4 ‘ ‘ 
Scrat 03 ‘ 
ke breeze 5 282 28 24 
bon in mix 42 25 44 42 2 
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Information Derived From 100 Pct 
Sinter Burden Test 

A—it was not necessary to provide a long period of adjust 
ment when going to a high percentage of sinter in the burden 

8—There wos practically no change in the temperature of 
the iron produced 

C—High blest temperatures were demanded for smooth 
operation 

D—Lower wind volumes were required 

E—There wos a tendency to build-up on the wolls requir 
img periodic cleaning 

Ff... There was a definite increase in iron production, lower 
coke rote ond lower flue dust production 

G—The thermal load of the furnace was significontly de 
creased 

H—When higher percentages of sinter are employed if ts 
extremely important to hove close control of the sintering 
operation 


P +} ‘ t that } vas 
iu tre t ind 
ke } + +) ‘ 
we ite tr 
the tu ve th 
pe a if t | 
tor ‘ the " id 
i A B I 2. The 
i t il. WI 
‘ i t 
‘ ‘ ‘ ‘ 
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Table Dry Sinter Anolysis, Pct 
1954 
Constitecat sept Oct Nev Dee Jan Feb Mar Apr 
Ir 2 4 612 2 
Mang ‘ 
A 42 ‘ 42 
Mag 
Sulf 2 24 2 
Cart 2 a 2 2 
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ing would begin at the critical point at which the 
nereased velocity of the gases supported the burden 


Sinter Used 

During the first three months sinter was made 
from a mix containing approximately 60 pct ore 
fines with the remainder consisting essentially of 
flue dust (hot dust, stock dust, and sludge) and coke 
as shown in Table I 

Ore allotments had been based upon less ore in 
the mix, consequently at the close of the lake ship- 
ping season, the percentage of ore was reduced in 
in attempt to stretch the available supply of Oliver 
at least until the end of the test run on 
No. 12 furnace. However, because of the excellent 
results, the 100 pct sinter burden was kept on No. 12 
f longer than anticipated, and the supply of 
ore fines was practically exhausted by the middle of 
March. As a result, the sintering plant operators 
were called upon to obtain fines from run of mine 
Oliver 13 ore, a difficult screening job under normal 
conditions and nearly impossible at that time of the 
year when the ore was wet. As soon as shipments 
had been received in April, the sintering plant re- 
turned to the use of Oliver 3 fines 

The effect of the ore changes on sinter chemistry 
are noticeable in Table II, and while the change in 
iron content is not great, an appreciable increase in 
the amount of silica is evident. Sieve analyses shown 
in Table III show a change in February toward a 


irnace 


While the cumulative on 8 mesh remained prac- 


Table Ill. Sieve Anclyses, Pct 


tess 

Mesh sept Oct New Dee Jan Feb Mar Apr 
2 42.52 7.17 40 22 1.42 46.20 46.21 
“2 45.11 42.51 $38.25 41.60 
7.27 7.76 634 5.45 

‘ 4.08 4.19 42 4.00 
2M 2 B 1 + 
+ 4! 2 
‘ 42 0.36 4 
2 2.02 70 1.49 
t constant, the amount of 2 mesh increased 
neariyvy £5 pet The ise of a high perce ntage of 
t the blast furnace imposes an increased 


burden of responsibility on the shoulders of the 


plant operator, as consistency is more im- 


ant tl Unfortunately, it was imprac- 
t vith the pment available to control the 
and phy il properties as closely as de- 

ed ft 1 test of this nature 


Sinter Burden Test 


The test ru n the sinter burden extended for 

ne months and the monthly statistics are 

hown in Table IV. It can be seen that the furnace 
juction was fairly uniform throughout the first 

< months. Rough operation in March is reflected 

n the productior which fell off to 1197 tons per 
la and in the coke rate which climbed to a high 
the test period of 1397 lb per ton. During the 
period of cleaning in April, the furnace was kept on 
ght t jen with occasional blanks of extra coke 

} to help melt the build-up coming off the 

Na Tr? pe d is emphasized by Ay I's statistics 
f 48 tor f n daily and a coke rate of 1514 
In May the coke rate for all basic furnaces, exclud- 


ng No. 12, was 82 Ib per ton higher than in April, 


Fig. 1—No. 12 fur- 
nace of Gory Stee! 


NO. 12 BLAST FURNACE 
GARY STEEL WORKS 


Works wos chosen 
for the 100 pct sinter " 
burden test because 
its lines were known : 
to be intact > at “ YERE® 1.682 
< WORKIN 34.6 
ABOVE KLINE 92 
A 4 
AREA EA 490.867 SQF 
24 
explaining part of the rate of 1481 for No. 12 fur- campaign on No. 12 was not used for comparative 


nace. Further, it became necessary, due to the short- 
rable am 
May in the sinte! 


inter had a great deal mors 


two months. A closer con- 


age of sintering ore, to use a conside 
of stock dust during April and 
mix, and as a result the 


variability during these 


trol of sinter quality must be worked out to operate 
high sinter burdens at the desired efficiency 
In order to best show the actual results of the 


100 pct sinter test, No. 12 furnace operating stati 
Table V with the 
furnaces producing basic hot 


compared in 


formance of all othe: 


tics are average per- 


metal and of No. 8 furnace at Gary Works for the 
period of September 1953 through May 1954. No. 8 
furnace is presented individually s it ls compar- 


1951 and 


types otf 


during 
made in 


purposes as 
had 
practice 
blast 


1952 major 
used, and coking 
resulting in improvement of all phases of 
furnace operations 

The coke rate for the trial was 16.4 pet 
lower than the all-basic average and 18.5 pct below 
the coke rate on No. 8. The production was 15.2 pct 
higher than the all-basic average and 12.3 pct higher 
than No. 8. The 


changes 


been coal 


sinter 


increase in production is greater 
than that indic Fig. 3 published by the 
AISI Technical Committee as data 
lected from more than 30 furnace plants. Comparing 
other facets of the should be noted 


flue dust fell 47.1 pet under 


ated in 
based on col- 
operations, it 
pounds of dry 


able to No. 12 in size and age of lining. The previou average and 39.9 pct under that of 
Table IV. No. 12 Furnace 100 Pct Sinter Operation 
158 tose 
Data Sept Oct Nev Dee Jan Feb Mar Apr May 
Coke te b 2 42 292 f 
Tor 4 2 4n 
T ft hearth are 2 2.82 2 2.74 2 244 254 
b per t 137 7 2 
Averag sis, pct 
Su 4 0.034 7 137 37 
Pt pr 2 2¢ 92 7 wv 
Manganese 47 ‘ “ 
B ire ae ae 79 71 
Slag 724 957 av GOK was wie 2A 
Averag 
“4 76 “49 an 
7 149 49 42 28 
Magr 74 69 60 62 72 at 
Sulpt 1.1 0 4 0 
Mang se 9 
Rat ba s« : 22 22 1.27 7 2 7 2 12 22 
Burde bp 
oF 74 474 “4 4 213 209 224 200 
2906 27 im 196 
. 148 z 7 279 2 42 
te 124 158 } 2 72 
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taken after the dust catcher for a few weeks and the 
results were fairly constant as only one of the tests 
showed an efficiency of less than 85 pct. It should 
be noted, as mentioned earlier, that the wind vol- 
ume per sq ft of hearth area decreased 4.4 pct from 
all-basic figure and 7.4 pct from that of No. 8 
jiently, the reported trend of increases in wind 
lume with increasing amounts of sinter is reversed 
at higher levels of sinter usage. Perhaps one of the 
items most often overlooked when speaking of the 
advantages of sinter and yet one that has consid- 
erable monetary value is the savings realized in the 
stone. There was a reduction in stone con- 
tion, after considering the increased use of 
hearth slag, of approximately 270 Ib per ton 
ron. On this furnace that meant a savings of 

of stone per day 
Comparisons are drawn from an average of the 
entire nine months on 100 pct sinter, while each of 
the first six months was better than the average 
Feeling that enough has been learned to avoid a 
repetition of the operating difficulties encountered 
during March and early April, it is believed that 
the comparison should be even more favorable. As 
hown in Table VI, using only the first six months 


Table Vi. First Six Months Sinter Operation Compared to 
Normal Operation 


100 Pet No.8 
Sinter Furnace All- Basic 


there was an increase in production 
rease in coke rate of 18.1 pct 

he all-basic average while there 

on increase of 15.6 pct and a decrease 


in coke rate when compared with No. 8 


Benefits of Sinter Use 
benefits are realized from the use of 
than just increased iron content of the 
Others have stated that two additional 
‘ derived from the sintering: A—lower- 
he thermal load on the furnace, and B—im- 
nt in gas distribution resulting in reduced 
and higher efficiency. Heat balances for the 
ative practices, shown in Table VII, are both 
nventional method and the method developed 

seph and Neustaetter 

ng the conventional rnethod it can be seen that 
tal thermal load furnace was reduced 
I t. On sinter practice the percent of 
total heat developed by burning carbon to CO, was 
while on the normal practice it was only 
One of the more interesting points is that 
percentage of heat brought in by the blast in- 
creased from 13.8 to 14.9 pct of the total heat gen- 
erated. This was accomplished even though the 
amount of air blown per ton of iron on the sinter 
burden was 4830 lb as compared to 6830 Ib on the 
normal burden, and the amount of gas per ton of 
ron was about one third lk n sinter. The main 
difference in the two methods of preparing heat 


‘ 
: | 
\ 
= 
\ 
\ 
t 
‘ 
> 
x 
\ \ 
»\ 
i 
} | 
| 
| 
----=— 
| 
| 
| 
| 
Cok te 28 1655 162 
oct py( t. ave Ib per t 105 95 21¢ 
‘ 136.66 145.59 140.12 
t blast, 121 101 1007 
creased 224°F 22.5 pct, over the 
erage and 196° 19.1 pct, over No. 8 
wilgnt t the ad ndry flue 1ust f the test of 
+> t dust reased 19.1 pect 
a ft oduct of 
Table V. Comporative Opemmmmm, September 1953 to May 1954 
an 
Date Furnace cept Ne It 
40 
a 
4 
22 


Fig. 3— Production 
plotted against sin- 
ter percentage from 
data of 30 furnace 
plants published by 
AIS! show less thon 
thet obtained § at 
Gary 


PCT INCREASE , PRODUCTION 


| | 


fe) 10 20 30 40 50 
PCT SINTER 


balances is that in Joseph and Neustaetter’s method are made in the sinter properties, as these changes 


the furnace gets no credit for burning carbon to CO will be lost in a myriad of other variables 

and as a result the percentage of heat brought in Because of the excellent results on No. 12 furnace, 
the blast assumes greater importance. In comparing the U. S. Steel Corp. intensified research on sinter 
the two periods by this method, it can be seen that quality, both on determining what qualities are 
on 100 pct sinter, 25.6 pct of the total heat was needed for the blast furnace and what can be done 
brought in by the blast, whereas only 22.7 pct was to meet the demand 


blast heat on normal practice. This method indicates 
a 19 pet drop in the thermal load on the furnace 
Regardless of the method used, it is quite evident 
that the amount of heat required is substantially 
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Table Vil. Heat Balances of Comparative Practices 


Joseph and Neustactieor Method 


Mathesios Method 


Neo Furnace 100 Pet Sinter 
Pet Bie Pet Bte Pet 


Neo Furnace 100 Pet Sinter 
Dats Bee Pet Bite 


Heat Generated 
Combustion C to CO 4,144,000 36.4 3,117,000 12.6 4.944.000 71.7 
Con st C te CO. 5.352.000 472 4,780,000 50.1 
Hott he ontent 1,567,000 13.8 1,425,000 149 1,567,000 22.7 1 425 000 256 
Moisture biast ‘heat content 11,000 0.1 26.000 03 11,000 26 000 
242 000 23 199.000 2.1 


i 5.911.000 5.606 G00 

Reduct MnO. S10 481,000 56.4 308 000 63.0 4281 70 109 000 74 
Calcination of carbonates 780 000 69 492 000 52 780 000 11.3 482.000 an 
Dissociation H,O in blast 127,000 11 253.000 2.7 127 0m 25 45 
T with or 1,020,000 1 020.000 10.7 1,020 00 148 020 000 143 
ag 1.058.000 92 806 000 a4 1,058,000 15.4 806 000 14.5 
Sensible heat top gases 709.000 43 537,000 5.6 709 00€ 10.3 537,000 on 
Sensibie heat H,O tn top gase 712,000 63 178.00 is 712,000 104 178.000 12 
Solut 822 000 lls 775,000 
Radiation. cooling water 

unaccounted for 538.000 4.7 246.000 25 1.185.000 17.1 1,083,000 194 

11,336,000 9,547,000 6 894.000 5 564.000 


JUNE 1955, JOURNAL OF METALS—74! 


10 
6 
—,~ 
Wes 
5 
_ 
; 
a 
i 
He 
cin 
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Oxygen 


Flash Smelting 


Swings Into 


Commercial Operation 
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International Nickel Co. 
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CSS ae at the rate of 1000 tons a day 
ire being smelted by International Nickel Co.'s 


new commercial flash smelting furnace. Developed 
by Inco, the process is a radical departure from the 
former practice which involved conventional smelt- 
ng in pulverized coal fired reverberatory furnaces 


In the new process copper flotation concentrate 
i fux are injected horizontally with oxygen into 
a specially designed reverberatory furnace, and 


meiting temperature is maintained solely by the 
flash combustion of iron and sulphur while the par- 


ticles are in suspension. The major benefits of this 
new process stem from two sources: A Substitu- 
tion of energy from local resources for imported 


Production of liquid sulphur diox- 


ide replacing equivalent imported sulphur A 
measure of these benefits is afforded by considering 
the saving, in 1954, of 60,000 tons of coal and the 


production of 70,000 tons of liquid sulphur dioxide, 
equivalent to 35,000 tons of sulphur 


1000 Ton Flash Smelting Furnace 


1 laboratory and pilot plant investigations 


Iting of fine 


howed that autogeneous oxygen sn 
des was commercially feasible, a commercial 
irnace treating 500 tons of sulphides was started 
n January 1952. The second commercial flash smelt- 
furnace, rated at 1000 tons of concentrate per 
lay, began production in December 1953, and the 


900 ton furnace became a standby unit 


he 1000 ton furnace similar in design to the 500 

nit 68 ft long, 24 ft wide. and 17 ft high at 

the end itside the steel casing. The uptake, with 
ente line 27 ft from the slag end, is the full 
} f the furnace, 11% ft long, and rises 22 

t above the furnace roof. The settling chamber is 
60 ft long, 16 ft wide and 23 ft high Matte is 
ipped through the side of the furnace about 13 ft 
the ag end. Roof and side walls are chrome 
nesite and bottom magnestite brick. Among 
nportant advantages already noted for the 

‘ combustion chamber are, the marked de- 


‘ mn brick erosion formerly caused by im- 
en particles on the roof and side 


‘ ind improved separation of matte and slag 


The furnace has smelted up to 1200 tons of concen- 
trate 1450 tons of dry solid charge in 24 hr 
Oxygen at about 23 psig flows to the furnace 
th igh a 16 in. insulated, steam-traced line 
Pressure is reduced to 17 psig for distribution 
th igh the 8 in. branch lines and automatically 


h burner 


A n conventional furnaces refractory 


affected by initial heating rates. A satisfactory prac- 


f th furnace entails preheating to 400°F in 

e day with a wood fire, then to 2200°F in four 
t | heating. Oil-firing is continued for a 

th day at 2200°F, while the roof is thoroughly 
ted with a mixture of fine magnesite dust and 
ement Roof cover ate are then set wu 


The oburne! are then ren ved and the sul- 
phide burne nserted The burners are started 
by turning on the oxygen to full volume be- 


conveyors and feeders 
whereupon smelting commences immediately. The 


De " s quiet. The meiting action appears as 


nuous operation iurnace 


controlled by the o 


ere 
pil 
re 
t 
she te tight nit 
wi 
al formed } 
T ire sh 
temperatures, EEE xygen to sulphide 


North end of 100 ton flash smelting furnace shows the slag tapping platform beneath the burner platform. The slag hole is 


kept beneath the surface of the slag in order to maintain o gas seal 


16 in. insulated, steam troced line 


ratio, are continually recorded by thermocouples 
and radiation pyrometers. Slag and matte tempera- 
tures are observed regularly with an optical pyro- 
meter. Temperature in the uptake averages about 
2300°F, the slag 2250°F, and the matte 2150°F 

Skimming and tapping offer no unusual problems 
Matte contains about 4 pct CuNi, and is blown to 
blister copper in Pierce-Smith converters. The con- 
verter slag is treated in the converters and rever- 
beratory furnaces of the nickel circuit. The furnace 
slag is continuously cleaned by burning pyrrhotite 
concentrate, low in copper and nickel, in small 
burners at the slag end, as described under Labora- 
tory and Pilot Plant Investigations 

The gases leaving the furnace are oxygen-free 
and normally average about 75 pct SO,, the balance 
being essentially nitrogen. Gas borne dust is recov- 
ered in the settling chamber and the gas cleaning 
system. Except for a splash tower at each settling 
chamber outlet, the same gas cleaning system serves 
both furnaces 

Furnace Charge Drying 

Thorough drying of all solids fed to the furnace 
is essential for satisfactory operation of the feed 

tem. To this end, three separate air-borne sys- 
tems, shown in Fig. 1, are used for drying and con- 
veying copper and pyrrhotite concentrates and flux 
The copper drying system, with a capacity of up to 
54 tons of concentrate per hr, uses three 4 ft diam 
x 18 ft long drum dryers. The product is recovered 
by dry cyclones, and the gas is finally cleaned by 
wet cyclones. The dryers are fired with pulverized 
coal, and the exit gas temperature is maintained at 


Oxygen ot about 23 psig flows to the furnace through o 


400°F. Similar drying systems are used for sand and 
pyrrhotite except for the absence of a wet recovery 
section. Here, the discharge from the fans enters 
the large copper converter settling chamber for dust 
recovery 
Feeders and Burners 

Furnace feeding, essentially automatic and cen- 
trally controlled, is based on the use of gravimetric 
belt and rotary feeders. The gravimetric feeders 


maintain a constant weight of material on a weigh 


belt and changes in feed rate are obtained by vary- 
ing the belt speed totary feeders, controlled by 


the speed of the weigh belt, supply the gravimet 


ric feeders and prevent flooding from the bi The 


concentrates and sand, thus properly proportioned 
are mixed and fed by a screw conveyor to constant 
speed rotary air locks above each burne which 
serve as seal 

The importance of burner desig: paciny and 
alignment must be emphasized. Present burner de 
sign provides for entry of the dry solids into the 
oxygen stream through a pipe extending into the 
burner. Oxygen enters the burner through a re 
with swivel joints and injects the lid nto the 
furnace. Water jacket urrounding the burner to 
avoid ignition and burning of the t by tl er 
stream, are made of steel tubing nserted throug! 
a stainless steel sleeve set in the furnace wal! and 


extend slightly beyond the inside face of e wall to 
minimize slagging over. Too high an oxygen ve 

locity may cause excessive rbulence and fluxing 
or erosion of the refractories Too low a velocity 
can cause dribbling and plugging of burner tips, o1 
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F Three seperate cir-borne systems ore used for drying and conveying copper and pyrrhotite concentrates and flux 


Dry pre i with pulverized coo! with exit gos temperoture mointained at 400°F 
w the burne drains to a 10 ft diam settling cone. The cone over- 
flov recirculates to the splash tower while cone 
Gas Cleaning System inderflow slurry is treated with lime to neutralize 
the acid. The solids are recovered as filter cake 
The wat aturated gas passes through three 
Ventu ibbers in ies, engineered by Sing- 
master & Breyer The spray water 
low countercurrent to the gas through the s« rub- 
tem and is cooled in heat exchangers be- 
et tween each of the three stages. Final gas cleaning 
, is by a wet Cottrell precipitator for removal of re- 
a) jual SO, furme The gas cleaning system is served 
P i co by a 3600 rpm, 200 hp centrifugal fan rated at 4000 
Te’ cfm at 115 in. W.G. at 105°F 

itment Corrosion by the strong, wet sulphur dioxide gas 
‘ f SO containing small amounts of SO, and by the SO 
aturated solutions, is an ever present problem 
we Howeve type 316 stainless steel and lead provide 
he dust me atisfactory resistance The splash tower, s rub- 
t 1200°F bet cyclones, fans, circulating water pumps and 
low lischarge pif heat exchanger tubes and all duct- 
‘ g 2 whic work are of stainless steel. while the settling cone 
4 ; from whict tandpipe, Cottrell precipitator and return water 
ines are of lead. The 16 in. diam 1500 ft line de- 
vering the cleaned gas to C.LL. is also of stainless 

Table |. Heat Evolved in Flash Smelting Process ot 1250°C - 
The cleaned gas is dried with sulphuric acid, then 


— Keal Pet mmpressed and cooled to condense sulphur diox- 
ie The liquid is drawn off to storage and the re- 

- 1ining gas is further compressed and cooled to 
Slag yuefy more sulphur dioxide. Following the sec- 
‘ ond condensation, the tail gas is sent to the sul- 


phuric acid plant 
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Fig. 2—Gas cleaning system is unique. In the production of liquid sulphur dioxide the 75 pct SO. gas must be cooled through 
about 2200°F and cleaned to less than 0.003 grains of dust per cu ft 


The entire operation is centrally controlled. Each pairs to the scrubbing system or when the furnace 
burne controlled by three instruments, two in- ; being heated 
jicating, recording, and totalling concentrate and The volume of gas to C.LL. is measured by a to- 
and feed, the other, recording and totalling oxy- tallizing flowmeter and the SO, content is continu 
gen flow. Any one of eight abnormal conditions ously recorded 
will shut off the oxygen and feed to all burner Oxygen Plant 

Furnace draft is regulated by a butterfly valve The Copper Cliff L’Air Liquide Oxyton oxygen 
between the fan and the Cottrell, actuated by a re- plant, third largest in the world, produces 325 ton 
cording controller. The furnace is operated at lov per day of 95 pct oxygen, corresponding to 22/3 
draft to minimize air u ration. Draft loss at billion cu ft of oxygen per year or three times the 
various stag in the gas cleaning system are production of all the cylinder oxygen plants in 


Canada The Oxyton commenced production in 


hown by a series of gages used to indicate build-up ' 
January 1952, and has given excellent performance 


of sludge at any point . 
mperatures are recorded by pyromete! in the rat as as {00°F are involved 
roof of the furnace and the sidewall of the uptak« embrittling most ferrous metals, certain parts of the 
plant were made from a special Inco developed 8.5 


Furnace temperature is controlled by minor adjust- : 
pet nickel steel 


ment of oxygen flow rate. Temperatures at specific 
locations in the roofs, bottom and side walls of the 
furnace and temperatures of the gas and circulat- 
ing water in the gas cleaning system are measured 
by a 36-point indicating pyromete! a 
The furnace exhaust system has three outlets a ‘ me ond 
A—16 in. line to the C.LL. liquefaction and acid 
piant , d 
B—bypass to the converter flue from the deliv- —p 
ery line situated between the furnace scrubber sys- ; 
tem and the C.LL. plant. The bypass automatically ——~ E 
opens if abnormal delivery pressure develops in the eggs ro 
line 7 
C—bell damper arrangement from the settling 
ham +} ‘rter fii iz oF 
converter flue. The damper is oper Fig. 3—Flesh smelting furnace diogram proposed by 
ated from the control room and is used to bypass Bridgman is reproduced trom U. §. Patent 578,912 dated 
the furnace gases during periods of cleaning or re- Mor. 16, 1897 
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No storage facilities are provided but the demand 

xygen at the flash smelting furnace is rela- 
tively constant. The pressure in the pipeline to the 
urnace is controlled at 25 psig and excess oxygen 

bypassed 

History of Process 

There have been numerous proposals during the 
past half-century for smelting fine sulphide ores in 
suspension but, until recently, none of these plans 
for flash smelting has been commercially success- 
ful. In 1897, H. L. Bridgman,’ with remarkable pre- 
cience suggested the reverberatory furnace shown 


in Fi } for the flash smelting of sulphide ores “by 


means of the heat generated by their own combus- 
tion” and by feeding the ore “as a spray of dust into 
the strongly oxidizing atmosphere of a furnace 


chamber.” J. H. Klepinger, M. W. Krejci, and C. R 
Kuzell’ recommended the use of preheated air in the 


process 


MATTE GRADE VS HEAT OF COMBUSTION 
AND ITS DISTRIBUTION 
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Fig. 6—Heat of combustion in Btu's per Ib of copper con- 
centrate and the distribution of that heat between the fur- 
nace products ond furnace losses are shown 


rick Laist and J. P. Cooper’ carried 
along the lines of the later devel- 
opment at the Harjavalta smelter of Outokumpu 
Oy, Finland. The Laist-Cooper system consisted of 
a shaft furnace mounted over a reverberatory fur- 
pension roasting and smelting of cop- 
concentrates 
Norman’ recommended the use of oxygen or oxy- 
ched air for flash smelting of 
r-nickel concentrates. His calcula- 
tions indicated that oxygen flash smelting could be 


Frede 


xperiments 


nace su 
aulogenous 


econon ically attractive 
4 number of others, including Chase, 


Freeman, 
Zeisbe and 


Vanyukov Haglund have de- 

scribed related procedures, including the use of 

en or oxygen-enriched air for roasting and pro- 

i n of sulphur dioxide, the use of auxiliary oil 

burne and the use of oxygen or oxygen-enriched 
air to produce molten iron oxides from pyrite 

In the past decade autogenous flash smelting was 


both at the Copper Cliff 
of Canada, 
of Outo- 


operation 


ndentl leve loped 
smelter of the International Nickel Co 
Ltd and at the Harjavalta smelter 
Finland n the former 


Control room for the 
1000 ton flash smeit- 
ing furnoce contoins 
instruments for con- 
trolling ond record- 
ing pertinent doto 
of the furnace op- 
eration. 


oxygen is used to smelt the sulphides whereas in 
the latter the combustion air is preheated by heat 
exchange with the exit gases. Inco began mini-plant 
tests on oxygen flash smelting in 1945, pilot plant 
studies in January 1947, and commercial operation 
on an autogenous basis in January 1952. The Outo- 
kumpu Oy started pilot plant studies in February 
1947, and semiautogenous commercial operations in 
1949. The processes meet the economic requirements 
of their respective localities. In Finland hydroelec- 
tric power cost, following annexation of territory 
by the USSR, is too high to permit production of 
low cost oxygen and there is a good market for sul- 
phuric acid. On the other hand, Inco hydroelectric 
power cost in northern Ontario permits production 
of low cost oxygen and there is a good market for 
liquid sulphur dioxide 

Two essentials in the development of the Inco 
low cost oxygen and there is a good market for sul- 
process, low cost oxygen and conversion of the fur- 
nace exhaust gas to liquid sulphur dioxide, wer 
provided by the Canadian Liquid Air Co."” and 
Canadian Industries Ltd.,” respectively 

In general, the oxygen flash smelting process in- 
volves drying the sulphide concentrates, and flux, 
and injecting them with oxygen into the smelting 
furnace to produce matte, slag, and a gas containing 
about 75 pct SO, The gas is water-scrubbed and 
treated by a wet Cottrell before delivery to the 
Canadian Industries’ plant. Production of 
sulphur dioxide involves drying, compressing and 
cooling the cleaned gas. The liquid sulphur dioxide 
is used almost entirely in the preparation of cooking 
acid by sulphite pulp mills within a radius of 400 
miles of Copper Cliff. Such use of liquid sulphur 
dioxide, in place of sulphur burning, has proven 
most satisfactory 


Thermal Considerations 
In the furnace, the oxygen combines with some 


of the sulphur and iron of the chalcopyrite CuFeS,, 
to form SO, and FeO. The heat from FeO formation 


liquid 


almost equals that obtained by sulphur oxidation 
The primary matte about 50 pet copper, 


approximating Cu,S-FeS 


contains 
but is 
copper content when pyrrhotite 1 
method of cleaning the coppe! 
hotite at the kim- 


important feature of 


diluted to a lower 
burned for slag 
cleaning. This novel 
rich slag by flash 

ming end of the furnace is an 
the Inco process. Siliceous flux 
Principal reactions may be expressed as 


melting pyr! 


for iag 


used 
formation 


follows 


2 CuFeS, + 2% O,~ Cu.S-FeS 2SO FeO [1] 
179 kcal 
FeS + 0.75 O, ~ 0.5 FeS + 0.5 FeO + 0.5 SO, [2] 
SH 56 kcal 
1.5 FeO + 0.75 SiO, ~ 0.75 (2 FeO-Si0,) [3] 
SH 6 kcal 
Cu,O + FeS~ Cus FeO [4] ° 
Some copper is oxidized and is dissolved in the é 
slag, probably as Cu,O, and some copper sulphide is 4 
both dissolved in the slag and pended matte a 
prills. On burning pyrrhotite act ling to Eq. 2 oe 
the matte prills and dissolved coppe! ilphide are ‘ 
washed from the slag by molten iron sulphide droj 
lets, and the oxidized coppe! educed accord 
Eq. 4 resulting in a slag lower in copper. Since re! 
tively little copper oxide is involved in this redu 
tion, its effect on the overall heat balance negligible 
The total heat evolved in smelting chalcoy te 
Table 11. Comparison Between Pilot Plant Flash Smelting and 


Conventional Reverberatory Smelting, Pct 


Slag 
Matte 
Item Cen “0 
Copper entrate 
flux, wit? 7 ‘4 
Copoe 
Ss i ed 
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Re: 
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Diagram of first 


i treated 500 tons of sulphides per doy 


mmercial flash smelting furnace shows construction details 


Fig. 8—Section A-A_ throwgh flash smelting 


furnace 


shows the gos tight welded stee! casing which encloses 


the furnace 
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Furnace was storted up in Jonuary 


Laboratory and Pilot Plant Investigations 


on t 


autogenous smelting of sul- 
re conducted in the Copper 
he 


wnt 


ial grit ital 


with mn injection 


smelted 


type 
f con- 


The 


ul 
yroduced 98 pct SO, gas 
t Cu 


rit Tagging resui 


with the 
obtaining low cost oxygen and markets 


t plant investigation 


ant was designed to smelt 20 tons pe: 
le concentrates wit! 


5-ton pe! 


ft high 


day plant 
inside 


and 


hurnact 


were tried. The final pilot plant furr 
x4x4 ft hig the 


f about 25 tons of 


skew backs 


vert Converter Fee 
~ 
= 
4 | 
oon furrece 
fweerct Above 
| 
2 
| 
| 
| 4 = 
é 
| Sad 
| 
} 
| 
2 
tite as depicted by Eqs. 1, 2, and ee 
Mini-plant t 
| phide with oxygen 
Cliff laboratories, using 
— nace 12x15x48 in 
ewe 
| 9 Th furnace 
| | centrate per day and 
Cu. With tl 
7 | nects of 
- 
‘ | —— ES indertaker 
~ pet from a The furnace, 
a 1 nitially 8x2x2‘ onsisted of gas- 
tight welded steel shell with insulation between the 
‘ ' ‘1 Vite just settling chamber were modified several times, 
ee = — and var ; ef t ‘ nd methods of insulatior 
tomes 
had a capacity 
MEE concentrates per day. Refrac- 
Pe tories which gave satisfactory service were forsterit 


roof and magnesite walls and bottom. The furnace 
was preheated with oil but thereafter operation 
was autogenous by burning of the sulphides with 
oxygen. Temperatures were measured by optical 
pyrometer as thermocouple wells were attacked 

Mini-plant operation had demonstrated the ne- 
cessity of a dry, properly proportioned, and uni- 
formly fed charge. To provide for such conditions 
in the pilot plant, sulphide concentrates and flux 
were dried, ground, and transferred to separate bins 
at the furnace. Feed from each bin was then con- 
trolled by an integrating gravimetric belt-type 
feeder and conveyed to a mixing and sealing feeder 
discharging to the burner. Oxygen, delivered to the 
burner at 10 psig, injected the solids into the 
furnace 

Skimming and tapping offered no unusual prob- 
lems but gas cleaning prior to delivery to the 
Canadian Industries Ltd. liquefaction pilot plant 
required considerable development Slag was 
skimmed from the end of the furnace opposite the 
burner, and matte was tapped either from the sam« 
location or from the side of the furnace. After con- 
siderable revision, gas was cleaned by passage 
through a settling chamber, a water spray scrub- 
ber, a wet cyclone, and a baghouse equipped with 
fiberglass bags. Draft for the gas recovery system 
was supplied by a high-speed fan which dé livered 
the cleaned sulphur dioxide gas under pressure to 
the Canadian Industries Ltd. liquefaction pilot 
plant. A Leeds & Northrup sulphur dioxide ana- 
lyzer-recorder was connected through a driet and 
filter to the blower outlet. When using oxygen of 
95 pct purity, the furnace gases contained 80 to 90 
pet SO,, the balance being mainly nitrogen 

The pilot plant operated for about two years and 
treated over 7000 tons of concentrates. Most of this 
time was spent on flash smelting of regular copper 
and nickel] concentrates. Some of the specific items 


tested were as follows: A—Use of sand or quartzite 


with lime and other slag-modifying agents; B 
Slag cleaning with pyrrhotite concentrate; C—-Ad- 
ion of converter slag to the furnace; and D—the 
Iting of higher grade ilphide concentrate tk 
oduce higher grade matt white metal, and me 
ic coppel Various inject nm burne vere ised 


South end of the platform shows the burner platform of 
the 1000 ton flash smelting furnace. Feed pipes extend 
from the burners up to the rotary air locks above ond up 
to the gravimetric feeders on the upper floor 


corrae 
Sane 


scene 


= 


0808 


_ 


scene 


Fig. 9—During one month the daily furnace charge averaged 520 tons of copper concentrate, 97 tons of pyrrhotite concentrate, 
ond 87 tons of sand flux. Oxygen averaged 128 tons per day or 20.8 pct of the sulphides treated 
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Table iil. Pilot Plant Date With No Pyrrhotite Used For 


Slag Cleaning 


settling chamber collected the flue dust and dis- 
charged it by a screw conveyor through air locks 
to conveyors and thence to the sand dryer for re- 
treatment 

Although initially there was considerable diffi- 
culty with such items as feeders and gas-cleaning 
equipment, the technical and economic success of 
the project was never in doubt. During one month 
the daily furnace charge averaged 520 tons of cop- 
per concentrate, 97 tons of pyrrhotite concentrate 
and 87 tons of sand flux. Oxygen averaged 128 tons 
per day or 20.8 pct of the sulphides treated. Daily 
production, excluding flue dust and slimes, averaged 


petween 


copper 


nvent 


95 


310 tons of matte containing 45.4 pct CuNi and 284 
and tons of slag containing 38 pct SiO, and 0.76 pct CuNi 
Gases leaving the furnace carried about 100 tons of 


concen- SO, per day 


a 


re- High smelting rates were responsible for rather 


rade severe refractory attack, the strongest attack being 


on the side walls above the slag line, especially be- 
low the uptake. Deterioration of the roof was great- 
est near the uptake, and the uptake arches were also 
fluUxed and eroded. There was, however, no notice- 
able attack on the furnace bottom. To decrease flame 
erosion of the roof and side walls, the original fur- 
nace was modified to provide a sloping roof with a 
rise of approximately 3 ft from the ends of the fur- 
ace to the bottom of the uptake, and the burners 
t each end of the furnace were brought | ft closer 
ogether. Heat loss from the furnace was also in- 
reased by removing the insulation between the re- 
actory brick and the steel shell, by welding fins 
he furnace shell at 10 in. centers, and by insert- 

g copper water jackets in the refractory lining of 
he furnace in the uptake area. The rate of fluxing 
ite and forsterite brick by oxides increases 

above 2450°F and constant care was re- 

quired to avoid high flame temperatures. Heat dis- 
tribution in the 500 ton furnace is given in Table IV 
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Use of Autoclaves and Flash Heat Exchangers 
At Beaverlodge 


N 1947 a large low grade deposit of uranium was 
located in the northwest corner of Saskatchewan, 
in the Beaverlodge property of Eldorado Mining & 
Refining Ltd. Most of the values occur as thin 
seams and as coatings on other minerals, and the 
ore, which is light and friable, is not amenable to 
usual gravity methods of concentration. The 
acid leaching process developed to retreat the com- 
pany’s Port Radium tailings was also impractical 
as the percentage of carbonates is high and the per- 
centage of sulphides relatively low 
Construction of the mill building and installation 
of equipment, both scheduled for 1952, awaited 
selection of a satisfactory ore dressing process on 
or before Oct. 1, 1951. An extensive research program 
on dressing of ores from the Ace mine therefore was 
undertaken by the Mines Branch in Ottawa, a re- 
search team at the University of British Columbia, 


R. W. MANCANTELL! and J. 8. WOODWARD ore Mill Superin- 
tendent and Assistant Mill Superintendent, respectively, Beaverlodge 
Operation, Eldorado Mining & Refining Ltd., Saskatchewan, Conade 

Discussion of this poper, TP 4038BD, may be sent, 2 copies, to 
AIME by Aug. 1, 1955. Manuscript, Oct. 25, 1954. Chicago Meet 
ing, February 1955 


TRANSACTIONS AIME 


and an ore dressing group at the company’s Port 
Hope refinery 

Pilot plant operations were conducted at the Ot- 
tawa plant of Sherritt Gordon Mines Ltd. under the 
general direction of C. S. Parson 
Eldorado. In mid- 
September, having compared results of the several 


consultant on 
metallurgy and ore dressing for 
recommended a 
process leach. He 
reported that, while the chemistry of the proce 


research programs, Dr. Parson 


employing a carbonate or basic 


had been proved, engineering of the flowsheet wa 


incomplete, and he suggested that under normal 
conditions further pilot plant work at the Ace ming 
might be profitable. However, since th 


olve a delay of 12 to 18 months in bringing the 


would in- 


property into operation, he recommended that de 
sign of the concentrator proceed immediately 
Concentrator 


capacity was determined by two 


considerations: 1) the amount of ore then available 
and 2) the expectation that continued improve- 
ments would be made in the ore dressing proce 

as a result of the intensive research being carried 
out by the Mines Branch of the Department of 
Mines and Technical Survey As se improve- 
ments could affect both the chemistry and the en- 
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Metals during 
Volume 268 


|. 
by R Moncante R V 
gs 
hack, 
The Transactions papers appearing in the Journal ae : 
1955 ll subeeque ype mn AIME Transact 
and may be per nently referenced to that ae 7 


FORMULAS 
A) UO %O,~ 3U0, 
B) %O, +9Na,CO, + 3H,O 
3Na,.U0O,(CO,), 6NaOH 
C) 4FeS 150 16Na,CO, 14H,O — 
4Fe(OH) 8Na,SO 16NaHCO, 
D) NaHCO NaOH ~ Na.Co, 
E) Na,UO.CO,), 4NaOH ~ 
Na,UO.ppe 3Na,CO 2H,O 
2Na,U0,(CO,) 6NaOH ~ 
Na,U,O.ppe + 6Na,CO 3H,O 
F) 2NaOH + Na,CO, H.O 
G) Na.co CoO H,O ~ 2NaHCO, 
Fig. |—Chemical reactions necessary to extract ond precipitate the 


wranium ore listed. Details of the chemistry have been published 


mens of what appear to be massive pitchblende up 
to 1 in. wide are found to be heavily contaminated 
with gangue and other minerals. The main con- 
centrations of pitchblende are usually found in 
veins in calcite or chlorite, with some in the neigh- 
boring host rocks 


Chemistry of the Process and Mill Flowsheet 

The process consists briefly of grinding the ore to 
liberate the uranium minerals, dissolving the ura- 
nium in sodium carbonate, separating liquids from 
solids, and precipitating uranium from solution by 
sodium hydroxide. Fig. 1 lists several of the chemi- 
cal reactions necessary to extract and precipitate the 
uranium. Details of the chemistry, which are well 
known, have been published 

Except that autoclaves are used for the leaching 
instead of the conventional agitators, see Fig. 2, the 
flowsheet resembles that of a simple cyanide plant 
The ore is crushed underground, hoisted to an ore 
pass at surface level, and conveyed to the mill 
crushing plant. The mill crusher consists of a 
Symons standard and a Symons short head in 
closed circuit with Denver-Dillon screens fitted 
with 4x% in. slots. Grinding to 78 pct —200 mesh 
is done in two Allis-Chalmers ball mills in closed 
with Akens classifiers 
After primary thickening, leaching takes place in 
which are run at 220°F and 80 to 
To save heat, an exchange system is used 
between the pulp entering and the pulp leaving 


The cooled pulp from the autoclaves is pumped 
washing thickeners in parallel, and 
thickener underflow is filtered on Northern Foundry 
filters with a water spray displacement wash. Preg- 
nant solution from the top of the washing thick- 
eners is clarified and precipitated with strong caus- 
Precipitate goes to filter presses 
is then dried and packed for shipment. The 
solution, which is strong caustic, is carbon- 


[ Fig. 2—Flowsheet of the Beaverlodge hydro- 
| metallurgical plant is given schemotically 
Note thet autoclaves ore used for leaching 
| instead of the conventional agitators and 
| thot flash heot exchangers have been substi- 
tuted for normal tubular ones. 
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Fig. 3—Diogram shows action of the Beaverlodge autoclaves where 
dissolution of the uranium takes place. 


ated with boiler flue gases in an absorption tower 
before being recirculated to the process 


Autoclaves 

With a few exceptions such as the autoclaves and 
heat exchangers, the standard equipment found in 
any gold or base metal plant is used in the mill. 
The autoclaves, where dissolution of the uranium 
takes place, are tanks 25 ft long by 8 ft in diam, 
insulated with 3 in. of fiber glass. Their long axis 
is in a horizontal position 

Each tank is equipped with three turbomixers 
The two end mixers, with 42 in. impellers running 
at 62 rpm, are used to keep the pulp in suspension. 
The center mixer, equipped with a hood ring and a 
27 in. impeller running at 140 rpm, is used to mix 
air thoroughly with the pulp. Each mixer is driven 
by 10 hp, or 30 hp over autoclave 

At present the autoclaves, Fig. 3, are operated at 
80 psig and 230°F. Head room of 20 pct is allowed 
for circulation of the necessary air at 1000 cfm, 
three to five times the stoichiometric amount of 
oxygen needed. Two parallel banks of autoclaves 
are mounted on an 8° slope to provide flow by 
gravity from one to the next 

Formerly autoclaves were equipped with 1.6 pct 
manganese steel removable erosion plates fastened 
to the lower half of the vessel, but these were re- 
moved when it was found that erosion was negligi- 


plates. This may have been caused by a local con- 
centration cell, such as might be found under a 
deposit of sulphides 

It was anticipated that there would be trouble 
with packing glands of the turbomixers operating 
under pressure and temperature, but fortunately 
this has not developed. The impellers used for agi- 
tation have not shown the expected wear, although 
metal has been lost at and near the outer edges 

General Corrosion in Autoclaves: Although some 
general attack has taken place on the autociaves, it 
is not enough to be considered significant. Below 
the liquid line, attack by leach solution is negligible 
Pulp deposits below the liquid line do not give 
much difficulty except in such restricted areas as 
those behind erosion plates. Above the liquid line, 
the vapor is in contact with an air-vapor mixture 
(74 psi air and 21 psi steam at 220°F). Some CO 
is also present in the vapor phase originating from 
the air (300 ppm) and from decomposition of the 
sodium bicarbonate 


2NaHCO, ~ Na,CO, + CO, + H,O 


Over a period of years the rust which sometimes 
attacks the steel exposed to the vapor phase may 
cause some loss in wall thickness. Drainage lines 
are observed when autoclaves are inspected 

Pitting Corrosion: The severe pitting on steel at 
the liquid line, sometimes extending above the line 
as high as 12 to 14 in., is invariably associated with 
pulp splash. It is believed that the driving force 
of the corrosion cell is caused by what is known 
to corrosion technologists as differential aeration 
Briefly, it is postulated that the oxide film on steel 
is not repaired by oxygen from the air because of 
the limited supply available under a pulp splash 
Ferrous ions enter the pulp at such weak 
(anodes) and hydrogen forms at the local cathodes 
at the edges of the splash. Oxygen removes the 
hydrogen (depolarization) and the action continues 

Most severe pitting is that associated with a sul- 
phide-rich froth that floats on the surface of the 
ore stream and clings at certain areas to the walls 


spots 


ble. In a few instances some local pitting corrosion of the autoclave. The froth has been shown to con- 
was observed on the steel shell behind the erosion tain sulphides, graphite, and ferric and cupric ions 
STtam 
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Fig. 4—Flash heat exchangers were used in NE nN /\ | ™ f 
the Beaverlodge operation instead of normal + \e | | 
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trollers and control valves to the two lines of auto- 


JUNE 1955, JOURNAL OF METALS—753 


control valves sometimes wore out after only 
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20 hr 
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all of which promote the action of the corrosion cell 
mentioned previously 


Other factors which may affect the pitting attack 


are the buildup of sodium sulphate and the pres- 
ence of chlorides. Only traces of chlorides are 
found in the Eldorado solution 

The problem of corrosion, which was turned over 
to Battelle Memorial Institute for study, resolved 
tself into three phase l—to find some means of 
keeping the present tanks on stream, 2—to find a 
material suitable for building future autoclaves, 
and to determine the basic cause of corrosion 
Research on all three phases is proceeding with 
ome wcce At the same time a routine program 
of inspection and repair is being carried out 


Flash Heat Exchangers 
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Fig. 5—Designed heat bolance in the flash heat exchanges calls for 
25°F temperature drops for each successive stage 
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heat-carrying vapor liquifies on the relatively cold 
pulp in these tanks. The vacuum lowers the boiling 
point of the pulp, and because of the latent heat of 
vaporization a large amount of heat is transferred 
from the flash tanks to the condensers in a rela- 
tively small amount of vapor 

In its simplest form the exchanger is a combina- 
ion of flash tank and condenser. The condenser 
creates the required vacuum, while a steam jet air 
ejector eliminates the noncondensible gases to main- 
tain the vacuum. Without the ejector, the gases 
would collect, eventually fill the condenser, and 
prevent heat exchange 

Because of expected wear, the vessels are heavily 
protected with liners and splash plates, and all in- 
ternal parts are readily removable. A whole vessel 
can be disconnected from the circuit and replaced 
with an extra tank kept for emergencies, and parts 
can be replaced quickly 

The pulp is pumped through the center pipe, see 
Fig. 4, and impinged against the underside of the 
top splash plate so that an umbrella film is pro- 
duced. The outer circumference of the umbrella is 
the wall liner of the vessel. The pulp runs down 
in a thin film to a baffle or cone where it is brought 
to the center of the tank to fall on another splash 
plate, from whence it drops into the well of pulp 
maintained at the bottom of the vessel. The thin 
film of pulp is maintained for easy relief of vapor 
and carried over to the other part of the unit, 
where it condenses on the surface of the cold pulp 
cascading down the condenser 

The design called for pulp to leave the autoclaves 
at 220°F, to drop to 195°F in the first stage of the 
flash tanks. At 500 tons per day and 55 pct solids, 
this means that 2.5x10° Btu per day have been flashed 
off in the first stage, see Fig. 5. The pulp will drop an 
from 


additional 25°F in each successive stage, i.e 


195° to 170° to 145° to 120°F, which is the temper- 
ature of the pulp entering the secondary thickeners 


tank side of the heat ex- 
the pulp from the primary thickener un- 
I at a temperature of about 85°F, will be 
stepped up to 110°F by the 2.5x10' Btu flowing over 
from the flash tanks in the first stage. It will be 
t increments to 185°F by the time 
Plant 
irmed these figures, and the performance of the ex- 


On the condenser 
changer, 


epped up by 25 
it leaves the last 


stage practice has con- 


changers matches the design figures almost exactly 


Autoclave Feed System 

From the surge tank immediately after the con- 
lenser side of the flash heat exchangers, the heated 
pulp is passed through centrifugal pumps in series 
to build up sufficient pressure to feed the auto- 
claves. There are four heavy duty 5x4 SRL-C 
pun-ps provided for this service, two of which are 
ised to feed both lines of the autoclaves. The other 
two pumps are spare equipment 

The pumps do an exceptional job. Because these 
pumps are rubber-lined, their suppliers would not 
satisfactory service when pulp was 
pumped at a temperature over 180°F, but even at 
temperatures up to 210°F they have given excel- 
lent performance——except for one condition: it has 
been found that for operation under such conditions 
the amount of gland solution used is high, causing 
excessive dilution in the autoclaves and thus cut- 
ting down the retention time. If this excessive dilu- 
tion from gland solution could be eliminated, 
performance of the pump would be perfect 

The pumps discharge through separate flow con- 


guarantee 
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troliers and control valves to the two lines of auto- 
claves. Each flow controller is a Fischer & Porter 
Ratosleeve Flowrator meter connected to a Fischer 
& Porter Magnabond pneumatic transmitter which 
operates a Fischer & Porter controller which con- 
trols a Mason-Neilan No. 737 control valve on the 
pump discharge 

When the flow controllers are set at any desired 
rate, all other float controllers, e.g., on autoclave 
discharge, will reset their rate automatically to 
feed the same quantity. Sometimes lag results, but 
not for longer than it takes to stabilize the flow 
through the autoclaves 


Control Valves 

There are altogether 14 control valves handling 
flow through the flash heat exchangers, through the 
autoclaves, and from the discharge of the auto- 
claves; and these gave considerable trouble when 
the plant was started. The valves, all of the Mason- 
Neilan No. 737 diaphragm control type, had to oper- 
ate under pressure drops of 80 to 100 Ib. Plugs and 
seats of many different types were tried, but none 
stood up to the terrific duty until plugs and seats 
equipped with tungsten carbide inserts were used 
Although these are very expensive, they have 
lasted well under the abrasive pulp. Previously 


control valves sometimes wore out after only 20 hr 
of service, but some of the tungsten carbide seats 
and plugs have seen over a year of service to date. 


Acknowledgment 
The authors wish to thank the Direciors and 
Management of Eldorado Mining & Refining Ltd 
for permission to publish this paper 


Discussion of this paper, if any, will appear in 
JOURNAL OF METALS, November 1955, and in AIME 
Metals Branch Transactions, Vol. 203, 1955 


References 

F. A. Forward and J. Halpern: Studies in the Car- 
bonate Leaching of Uranium Ores. Trans. Canadian 
Inst. of Mining & Metallurgy (1953) 56, pp. 354-368 
See also, F. A. Forward and J. Halpern: Developments 
in the Carbonate Processing of Uranium Ores. Trans 
AIME (1954) 200, pp. 1408-1414; Journal or MerTats 
(December 1954) 

‘A. Thuanes: Recovery of Uranium from Canadian 
Ores. Trans. Canadian Inst. of Mining & Metallurgy 
(1954) 57, pp. 60-63 

*Annual Report 1950 Eldorado Mining and Refining 
Ltd. (1944) 

‘A. H. Lang: Canadian Deposits of Uranium and 
Thorium. Economic Geology Series Canada Geological 
Survey (1952) No. 16 


Reaction Rate Study of the Dissolution of Cuprite 
In Sulphuric Acid 


The rate of reaction of cuprite was measured in a series of sulphuric acid solutions, from 
which oxygen had been excluded, at various concentrations and temperatures. The over- 
all reaction Cu.O + H,SO, — Cu” + Cu® + H,O + SO, may be explained quantita- 
tively by two simultaneous rate reactions involving not only H’ but also the hydrolytic ad- 
sorption of H,SO,. The results indicate the importance of considering surface mass bal- 
ance relationships associated with heterogeneous surface reactions. 


EACHING has long been an important method 

for the recovery of metals from certain minerals 
Many processes have assumed minor importance in 
modern practice but such operations as the recovery 
of uranium and present interest in high pressure- 
high temperature solution of sulphides** well illus- 
trate the importance of leaching as a unit operation. 
Little quantitative information is available in a 
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form sufficient to determine the mechanism of solu- 
tion at the solid-aqueous solution interface for given 
For this reason, it is important that funda- 
conducted 


systems 
mental studies of leaching processes be 
so that parameters associated with such surface re- 
actions may be understood and correlated 

Cuprite was chosen for this study as a result of 
a recent investigation carried out at the University 
of Utah on ores of the Ray and Chino Mines Divs 
of the Kennecott Copper Corp. These sulphide de- 
posits contain sufficient oxidized minerals, such as 
cuprite, malachite, and azurite, so that recovery of 
metal values contained in the oxidized fraction is 
of primary interest. Of these oxides, cuprite (Cu,O) 
is the most interesting, since it dissolves in sulphuric 
acid by an oxidation reduction couple resulting in 
the formation of 50 pct metallic Cu and 50 pct cup- 
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in solution is shown vs time of reaction 


per squore centimeter of sample area 


prepared by oxidizing hot-rolled copper sheet of 
high purity at 1000°C in a Hevi-Duty electric fur- 
nace. The oxidized copper had a thin layer of CuO 
which was removed as the samples were polished to 
ize. The plates were polished on a grinding wheel 
using Carborundum 600B abrasive. Care was taken 
to keep the thickness of the plates uniform to within 
0.003 in. The copper content of the finished plates 
was found to check the stoichiometric value (88.82 
pct Cu) within the limits of experimental error. All 
samples were measured carefully with a micrometer 
to determine the geometric area. Samples prepared 
in this way were of uniform texture and grain size 

The use of plates of the dimensions mentioned 
previously resulted in an area variation of at most 
7 pet, since only approximately 1/3 of the cuprite 
was leached in each test. A sphere of the same 
weight would correspondingly vary in area approxi- 
mately 55 pct. For this reason, the geometry of the 
sample used is an important consideration 

The reaction vessel was a 2000 m] Erlenmeyer 
flask which was maintained at constant temperature 
(+0.03°C) in a stainless steel temperature bath 
Oxygen was removed from the system by boiling 
Following this, nitrogen was passed through the 
acid until the reaction was started. Solution sam- 
ples were removed from the flask during the test 
by means of a 10 ml calibrated pipette having a 
side delivery arm. Initial acid samples were re- 
moved in a similar manner for titration to deter- 
mine acid strength accurately. A large solution vol- 
ume was used so that solution depletion remained 
below 2 pct 

The volume of acid solution used was determined 
by weighing the entire flask before and after the 
acid solution was added, followed by the appro- 
priate use of density tables. The solution was stirred 
magnetically with an Alnico stirring rod which was 
painted with acid-resistant Tygon paint. The rod 
was rotated by means of an Alnico disk magnet 
mounted on a stirring motor and the speed of rota- 
tion could be varied between 140 and 800 rpm 

Since some finely divided metallic copper was 
produced during the reaction, the samples removed 
had to be filtered. This was accomplished using a 
fritted disk filter under a stream of nitrogen to pre- 
vent oxidation and dissolution of the copper. The 
filter was washed with boiling distilled water. The 


n H.SO, at Various Temperatures and Concentrations 


Observed Rates of Solution of Cuprite i 


(8.20.1 
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2 7.79x10-* 29 0.302 1136 
9 7 48x10 409 0 554 1070 
92 7.68x10 19.5 0.257 1.72 
0.393 7.74x1 09 0.512 1.701 
92 7.4910 41.1 0.882 1.680 
9 7.74x10 50.1 137 1 656 
742 174 0.295 2.383 
nad ‘ ‘ 74 Ox ‘ 29.0 0.645 2.342 
Aas rar 1 ‘ 40.0 2.318 
742 32x 10-* 495 1.86 2304 
400 @9x107 202 0 556 727 
2s x 68x10 30 5 1.01 666 
410 183 3.618 
0 2.S2x 1. 79x10 31.0 0.24! 0.795 
* From data of Young and Biatz* 


filtrate was cooled to room temperature, complexed 
with ammonia, and made up to volume. The copper 
concentrations were determined on a Beckman DU 
spectrophotometer using blue Cu( complex. 


Results 

The precautions previously outlined were found 
adequate for maintaining constant temperature, sur- 
face area, and acid strength. An additional possible 
variable is stirring. The stirring rate must be suf- 
ficiently rapid to eliminate diffusion as the slow step 
in the overal) reaction. The results of a series of 
tests, carried out at variable rates of stirring, showed 
that the stirring effect was eliminated above 300 
rpm. In all tests the rates were maintained above 
this level. 


Table Ii. Rate ef Solution of Cuprite and the Concentration of 
lonic ond Molecular Species Present at 31°C 
Constant Tempercture 


Tetal Rr 
Molarity Mg 
0.103 0.121 0 085 0.018 7.79x10* 0.320 
0.353 0.393 0.313 0.040 7.74x10 0.49 
0.685 0.741 0.629 0.056 3.31x10* 0.676 
1.377 1.465 1.289 0 088 1.69x10* 1.047 
KHSO, 
0.0994 0.039 0 060 0.039 1.79x10-* 0.241 


The results of three separate tests are presented 
in Fig. i. The dissolution of cuprite was found to 
obey a linear rate law and was not inhibited in any 
way by the formation of metallic copper at the sur- 
face. Sullivan® believed that the formation of a 
tightly adherent metallic layer of copper formed at 
the surface limited the solution of cuprite. It was 
found in this study that the majority of metallic 
copper formed during the reaction remained in the 
shape of the original sample and was extremely 
porous and spongy. 

Table I lists the results of a series of tests carried 
out at various temperatures and concentrations. The 
last test listed in the table was carried out in 0.0994 
mol KHSO,. This was done to vary the inter- 
dependent relationship of the H’, HSO,, SO,", and 
H.SO, concentrations 

Fig. 2 is an Arrhenius plot of the observed data 
in which the log of the rate is plotted against 1/T 
A series of parallel lines was obtained representing 
four different average sulphuric acid concentrations 
(viz., 0.103, 0.353, 0.685, and 1.737 mol H,SO,). The 
corresponding heats of activation were found to be 
10.6, 10.5, 10.4, and 10.4 keal, respectively, giving 
an average of 10.5 kcal per mol. 

The dissociation constants for the first and second 
hydrogens of sulphuric acid were evaluated graph- 
ically from the data of Young and Blatz.* From this, 
the concentrations of H*, HSO,, SO,*, and undis- 
sociated H,SO, were calculated. The concentration 
of [H*] was determined by assuming the hydrogen 
contained in undissociated H,SO, to be negligible 
This assumption is completely valid for the ranges 
of concentrations investigated in this study. The 
values for K, and K, used (Table I) were taken as 
average values for the temperature range covered 
in this study. Actually K, may change as much as 
50 pct. Reported values, however, involve several 
approximations and the heat of ionization (—4H,") 
for HSO, determined by two separate methods 
varied well over 100 pct." A variation of +25 pct in 
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from which 


K, produces only a slight variation in the calculated 
HSO,, and SO, concentrations. 

Fig. 3 is a plot of the rate of solution vs [H"] and 
{HSO, ] concentrations. These data were taken from 
Fig. 3 at a temperature of 31°C [1/T = 3.29x10°] 
and are presented in Table I 

In each case the rate increased rapidly at first and 
then decreased and became a linear function of con- 
centration. The results of the test carried out in 
0.0994 mol KHSO, are included. Also included in 
Fig. 3 are the results of a series of three tests car- 
ried out in perchloric acid. The rate of solution is 
clearly not just a linear function of [H*] concen- 
tration. The rate of reaction in perchloric acid was 
found to be considerably slower than in sulphuric 
acid when both were at the same [H*] concentra- 
tion. This and the initial curved portion of the rate 
vs concentration plot suggest the influence of some 
other species in solution, probably associated with 
surface adsorption effects 

A similar relation as that shown in Fig. 3 is ob- 
tained for [H,SO,]. Again the curve resembles a 
type I adsorption isotherm with the exception that 
it does not level off but continues linearly as a func- 
tion of [H,SO,] concentration. On the other hand, 
the rate of reaction cannot be expressed as a single- 
valued function of [SO,°] concentration. Sulphate 
ion of itself does not appear to have any direct effect 
upon the reaction. These results indicate a hetero- 
geneous surface reaction in which the effect of [H"] 
is influenced by the presence of either [HSO,] or 
undissociated [H,SO,] also present in solution 

The metallic copper Cu’ formed remained on the 
sample as a porous layer. Its presence, however, in 
no way inhibited the rate of reaction, as evidenced 
by the linear reaction rates observed “he actual 
diffusion or removal of Cu’ from the reaction sur- 
face does not appear to be rate controlling 


Discussion 
The linear portion of the R, vs [H*] plot (Fig. 3) 
may be represented by an equation of the type R, 


\ 
€ \ 
\ 
4,50, \ \ 
® 0.685 
i. 
0.103 
3.0 3. 32 33 34 35 


Fig. 2—Arrhenius plots illustrated are for the dissolution of 
cuprite in sulphuric acid at four separate concentrotions. 
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with covered sites according to Eq. 3. From Eq. 1 


e and considering all activity coefficients to be unity 
os [Cu,O] [H,SO,j 


Ox 
éy (H.SO,} 


‘ where K, is the equilibrium constant, @x is the frac- 
wr (HCHO, tion of total available sites which are covered with 
adsorbed H.SO,, @y is the fraction of sites uncovered, 
” ae | and 4F, is the molar free energy of adsorption of 


H.SO, on cuprite. The surface mass balance 


+ Oy = 1 [5] 


MCENT RATION (motes / may be combined with Eq. 4 to give the typical 
Langmuir equation 


Fig. 3—Rate of dissolution of cuprite ot veriows concentrations ot 

H’ and HSO, ‘t 31°C) is given. Also included in the figure are K, [H,SO,] 

rotes of dissolution of cuprite in perchloric ocid of various concen 
1 + K, [H,SO,) 


[6] 


trotions 
The standard state for Eq. 1 as implied by Eq. 4 is 
1TH B. Such a relationship seems to indicate one-half surface coverage for adsorbed H,SO, and 
‘ i rate the sur f two sep- unit activity for [H,SO,] in the bulk solution. 
ite ste i whict nly one depends upon According to the absolute reaction rate theory 
‘ i ‘ turn t be mod- 
ce fects which change th kT kT >, a - 
f potentially reactive tes in } 


where R, is the total observed rate and is the sum 


] ; t be preserved at f all contributing rates, «, is the transmission co- 

é face, the a ate j nvolve ion efficient, C,* the concentration of the ith activated 
i . +] olecule) complex, II Cr, is the product of reactant concen- 

nes — ated H,SO,. Considerable evi- trations, and AF,* is the activation energy of the ith 
rpt activated complex. Considering R, and R, (Eqs. 2 

and 3) as the two contributing rates of importance, 


Eq. 7 becomes 


«, Ox [H le 


where k. includes the surface roughness factor, the 
conversion of measured rate units to molar units, 
' ns and the conversion factor from the fraction of sur- 

r face coverage to true surface concentration units 


At constant temperature, Eq. 8 becomes 


of thes: elative findings, it seems log- R, = Ox [k. [H"] +k. 19] 


th t Tr furthe ipported by the fact When K, [H.SO.] is much greater than one, the 


cle posed a a possible 
, the observ ites of dissolution of | 
‘ Letting Cu.O be the concentration of un- | | 
| 
‘ act te 
Cu.O + HSO, (eq brium) ad 
; 
if HSO ( ( @ © 
H.O + SO, (Ratel) [2] ORE 
- 
Cu,O - H,SO, + Cu Cu : 
H.O + (Rate 2). [3] | 
Fx l represents the equilib um hydrolytic ad- of = 
sorption of H.SO, on The first rate reaction = 
(Eq. 2) indicates the thermal decomposition of oc- ——. 


cupied surface sites The econd rate reaction indi- Fig 4—Expermmental ond theoretical rate ws (H") dependency s 
eates the influence of H"* ion and its ability to react shown for the dissolution of cuprite in sulphuric acid (t 31°C). 
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equ depend upon the hydrolytic ad- kT 
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Fig. S—A correlation of data aot all concentrations and tem- 
peratures studied, according to Eq. 14, is illustrated in the 
figure. 
value of @éx approaches one according to Eq. 6, and 
Eq. 9 becomes the equation of the linear portion of 
the R, vs [H"] curve (Fig. 3) From this linear por- 
tion of the experimental curve, k, k,’ was found to 
be 0.523 and k, k,’ to be 0.290. Combining Eqs. 9 
and 6, K, may be evaluated at each point on the 
nonlinear portion of the experimental curve. For 
the 0.0994 mol KHSO, ({H") 0.039 mol) test, K 
was found to be 1.94x10° and at 0 103 mol H,SO, 
({H"] 0.121 mol), K, was 1 24x10", both at a tem- 
perature of 31°C Using the average of these two 
determinations (K, 1.59x10°), AF, was calculated 
according to Eq. 4 and found to be —8680 cal pet 
mol. The value of K,, and subsequently @x, may be 
calculated approximately for each temperature and 
solution concentration investigated if the entropy 
contribution is neglected The theoretical R, vs {H"]} 
curve at a temperature of 31°C 
R 1.59x10° [H,SO,] | 
1 + 1.59x10° 
(0.523 [H"] + 0.290) [10] 


is plotted in Fig. 4. 
From the ratio of k, k.’ to k. k,’ at 31°C and as- 


sumMmINE Ke « 
and 
€ ar, (at at 


assuming the temperatures’ dependence of aF,* and 
aF.* to be that of 4H," and AH,* only 

In its complete form for all temperatures and 
concentrations, Eq. 8 becomes 


kT 


kT 


where 
= ({H*) + 1) 
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from which 
R, SH 
aT 2.30 RT 
The value for @éx may be determined by Eq. 6. 

Fig. 5 is a plot of Eq. 14 which correlates the data 
for all temperatures and concentrations investigated, 
giving a value for AH.* of 10,300 cal per mol. The 
development of Eq. 13 tacitly assumes that the 
entropy contribution to aF.. aAF,*, and aF,* is small 
over the temperature range studied in this inves- 
tigation Based upon this assumption, AH.* was 
found to be 9935 cal per mol 

Summary 

The rate of solution of cuprite (Cu,O) in sul- 
phuric acid solutions was determined for various 
acid concentrations at several temperatures. Oxygen 
was excluded from the system during all tests. The 
observed rate may be explained quantitatively by 
two simultaneous rate reactions which depend upon 
the hydrolytic adsorption of H.SO,. The equilibrium 
adsorption potential of H.SO, on cuprite was found 
to be —8680 cal per mol 

The first reaction rate was attributed to the 
thermal decomposition of a surface site containing 
adsorbed H,SO,. The second rate reaction was at- 
tributed to the reaction between H’ ion and a sur- 
face site containing adsorbed H,SO, The heat of 
activation for the first rate was determined to be 
10.300 cal per mol and that of the second rate re- 
action 9935 cal per mol The overall rate equation 
developed correlates the data for all of the concen- 
trations and temperatures investigated 
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Solid State Diffusion in the Reduction of Magnetite 


Parabolic rate constants were determined for the formation of wiistite by the solid 


state reaction between magnetite and iron 


The reaction was diffusion controlled 


and inert marker studies indicated that the mass transport through the wiistite layer 


was accomplished by means of iron migration 


Relationships between rate constants 


and self-diftusivities are discussed. The transport capacity for iron through dense 
wiistite layers was found to be sufficient to carry on reduction, even in gaseous 


reduction processes. 
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‘ */tir If the flux is measured as the in- 
ease of ti kness of the oxide layer (Ax) per unit 
‘ ) i the a j tior ade that the « 
ft the eactant at the hase boundaries 
the i ue lependent of ne, Eq. 1 reduces 
t< 
(ix) 
- ~ [2] 
Integration of this expression yields the parabolic 
functior 
LI [3] 
The product of the diffusion coefficient and the con- 
centration difference cross the oxide laver is in- 


cluded in the constant 4s 
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When iron is exposed to a highly oxidizing atmos- 
phere, the oxide phases are formed normally in a 
topochemical fashion, ie., the interfaces between 
the phases maintain parallel positions to the original 
surface of the specimen. Above 570°C, the phases 
are orientated usually in the order of iron, wiustite, 
magnetite, and hematite, a condition in conformance 
with the requirements of the Fe-O system. Below 
570°C, the wiistite phase is unstable and has not 
been found as a normal constituent in the oxidation 
There is a strong probability that 
layers of the solid oxides are formed as 
fic volumes of the phases increase in direct 


products of iron 


rder from iron to hematite 
tegarding mass transport through dense solid 
Wagner’ has postulated that diffusion 
generally may be interpreted as migration 
processes of ions and electrons. There must be nor- 
mally a concentration gradient across the growing 
oxide layer for diffusion to occur. This condition re- 
quires that there be deviations from the ideal stoi- 
chiometric composition of the oxide and accordingly 
ieviations from the strict order of an ideal lattice. 
Such “lattice defects” include interstitial ions, cation 
and anion vacancies, quasi-free electrons, and elec- 
tron holes and are decisive for all migration proc- 
esses 

Cations, anions, and electrons all may have some 
mobility in the oxides but the movement of one of 
the particles generally far exceeds that of the 
others. Previous work” * * has shown that during the 
oxidation of iron the migration through the wiistite 
layer, and probably also the magnetite layer, is con- 
fined to the movement of iron ions. Migration 
through hematite, however, has been found to take 
place by oxide ion movement. These behaviors are 
in direct agreement with the type of vacancies pres- 
ent in the respective oxides 


Reduction of Iron Oxides 

The gaseous reduction of iron oxides, like the 
oxidation of iron, takes place in a topochemical 
fashion at distinct interfaces between the appearing 
phases.” Porosities might be expected in these re- 
action products, since their specific volumes are less 
than that of the starting material. Frank and 
van Der Merwe” have shown, however, that it is 
theoretically possible for nonporous layers to form 
of misfit in specific volume is less than 


These aspects on porosity formation 


if the degree 


about 15 pet 
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r TION of iron oxides has been the ibject 
, bine Mast af the w how- 
\ 


may have an important bearing on the mechanisms 
of reduction 

A major part of the overall reduction process takes 
place at the iron-wiistite interface where about 70 
pet of the total oxygen is extracted by the gaseous 
reductant. The iron product that forms is normally 
quite porous and the mass transport through this 
growing porous layer is accomplished by a counter- 
diffusion process of gaseous molecules. Beyond the 
iron-wiustite interface, the reduction mechanisms 
will depend on the porosity and condition of the 
wustite, magnetite, and hematite phases 

M. Wiberg” * studied the reduction of a natural 
magnetite crystal at 1000°C and could not observe 
any porosity in the wiistite layer that had formed 
He concluded that the mass transfer across the layer 
might have occurred in the solid state. At a later 
date, Edstrém” continued this work on single crys- 
tals of magnetite and hematite. With few excep- 
tions, the gas-solid type of reaction was found only 
at the boundaries between gas and wiistite or gas 
and metal. Inside these interfaces, reduction seemed 
to proceed by the elementary processes of diffusion 
through the solid phases and by reactions at the 
solid phase boundaries. Thus with dense single crys- 
tals of magnetite, reduction may be initiated by the 
reaction 

Fe,O, + 3FeO + CO [4] 


After a continuous layer of wiistite has formed, the 
attacking gas cannot reach the reacting interface 
and the reduction proceeds by the reaction 


Fe,O, 4FeO [5] 


Evidently iron must diffuse through the dense wiis- 
tite to reach the reacting interface. The formation 
of nonporous reduction products is promoted by 
certain crystallographic relationships in the Fe-C 
system For instance, during transformation (re- 
action 5), the crystallographic axes remain parallel 
to one another, and the reaction can advance with- 
out any considerable change in the oxygen lattice 
The transformation of hexagonal hematite to cubic 
magnetite, however, involves a rearrangement in 
the crystallographic orientation. Reduction of hem- 
atite single crystals gives products that are more 
porous than those derived from magnetite This 
induced porosity accelerates the continuing reduc- 
tion to metal because of the larger surface available 
for gas attack and the shorter distances involved for 
solid diffusion 

Iron ores are aggregates of small single crystals 
and during reduction the individual grains probably 
behave in a manner similar to that just described 
Most of the ores have an inherent starting porosity 
which may allow gaseous diffusion effects to operate 
well within the ore specimen. The reduction still 
proceeds topochemically™“ but the interfaces have a 
definite “width” and the layers formed may be quite 
porous. These layers act as gaseous diffusion bar- 
riers and can in many cases control the advance of 
the respective interfaces 

The picture of the solid state reduction that has 
been proposed here and earlier by Edstrém” leads 
to almost the same reaction steps and migration 
processes as have been shown to take place when 
iron is oxidized. Only the direction of mass trans- 
port is reversed. There is, however, a basic differ- 
ence in the two processes in that reduction velocities 
are generally much faster than those of oxidation 
The slowness of the oxidation process may be ex- 
plained on the basis that the dense oxide layers are 
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growing all the time; thus, the diffusion distances 
increase and therefore the transport capacity of the 
formed layers continually decreases. In reduction, 
the induced porosity in the iron and wiistite layers 
gives thin inner solid layers of almost constant 
thickness. The transport capacity of such a system, 
even by solid state diffusion mechanisms, could be 
quite high 

The actual proof of whether solid state diffusion 
takes place during gaseous reduction may be found 
by analyzing a reduction system in which only solid 
state diffusion effects are present. The transport 
capacities of such a system then could be compared 
to those of the gaseous reduction system. Wiberg 
and Edstrém” observed that the simple contact be- 
tween iron and dense magnetite to form wiistite 
could be quite fast. This reaction (Fe + Fe,O, ~ 
4FeO) was used in the present investigation to 
study the transport capacities across wiistite layers 
formed during the reduction of dense magnetite 


Procedures and Data 

A series of specimens containing contact inter- 
faces between magnetite and iron was prepared by 
partially reducing magnetite below 570°C (1058°F), 
Fig. 2. Dense magnetite was available in the form 
of single crystals from Malmberget, Sweden, and 
convenient specimens in the form of 4 to 8 mm 
cubes were cut from this material. Each magnetite 
cube was then partially reduced to iron in purified 
hydrogen at 450°C and the amount of reduction was 
controlled at the 40 to 50 pct level. The specimens 
were cooled to room temperature under a nitrogen 
atmosphere and finally wetted with acetone to pre- 
vent reoxidation of the pyrophoric iron layer 

To form the wiistite phase, the magnetite-iron 
specimens were heated in purified nitrogen at spec- 
ified temperatures between 600° and 1090°C. A 
vertical tube furnace was used and the experimental 
arrangement is shown in Fig. 1. At any one tem- 
perature, it was desirable to determine the variation 
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Fig. 2-—~ Magnetite 
crystal pertially re 
duced by hydrogens 
ot 450°C is shown 
Semple was unetched 
X90. Area reduced 
approxmmetely 20 pct 
for reproduction 
ru ‘ {f the ¢ wing W tite phase wit! 
‘ ‘ rh equiremen Nu fulfilled 
fou five specimer I ‘ in. The sp 
‘ were individuall ispended with nichrome 
wires and the annealing cycle was accomplished by 
tep wis we g of the specimens. This 
‘ tarted wit? " low preheating to 500°C in 
the upper part of the furnace, after which the speci- 
were wered immediately to the reaction 
ne at the cente f the furnace. Each specimen 
va the inneaied for a spe fied time at the re- 
temperature and quenched by dropping it 
to the water-cooled chamber at the bottom of the 


, annealing behavio f a typical specimen is 
4 n F « anda A ntact nterface from 
rm rt art educed specimen i hown 
The educed ignetite port r yulte 
‘ while the ni ned educt cracked 
1 fine j Af anne ing it for 3 
‘ hall tre pecimen gave a wide 
vust iver between the starting n and ig- 
et e proeutect | 
I ha en tated on the xyger le of 
tite lest the i quenchu of the 
‘ Magnetite i have deoxidized tl igt 
the nm pre ure m the tective 
t here had been below the equilibriur re- 
t e that w tite had t formed 
eactior i ankK specime f ag- 
. heated alor with the the and iter 
he fou +? rm mer 

e! f ‘ ect eq and pre- 
exar t The widtt f eact 

‘ ‘ wa m ed le tre cope 
| t t eld an averags 
N measure emit vere Ker at the or- 

4 ye ler to avoid any po 

‘ ef" t ter pe sture run 
re ‘ ‘ Sa tted against 
‘ lati ive the paral ] irves nown 
Pis c nature f the curves 
: ita t 1d taken we which was 
liffus igh a wing dense 
laye Eq ). Tr parabolic law was valid up to 
temperatures around 1000°C. At 1090°C after a 
"ti t initial para c pel i. the growth of the 
wistite ve topped because the on tended to 
separate fron the xide lave A slight deviation 


also was noted at 600°C. This deviation was due 


to a % hr incubation period during which no micro- 
copically visible wiistite had formed 

Results and Discussion 
The parabolic rate constant, k, was determined 
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Fig. 3—Specimen was 
annealed for 3 hr ot 
850°C and etched 
X90. Area reduced 
approximately 20 pct 
for reproduction. 


for each temperature and the averaged data are 
listed in Table I. As mentioned previously, the rate 
is a composite quantity and includes the 
product of the diffusion coefficient and the concen- 
t difference across the growing layer. In 
oxidation or reduction systems, this concentration 
difference across the wiistite layer is generally de- 
termined by the homogeneity limits of the wistite 
which increase with temperature. This con- 
ideration makes the rate constant a complex func- 
ion of temperature, and a linear relationship for 
the calculation of activation energies cannot be ex- 
pected in the usual Arrhenius plot of log k vs 1/T. 

The rate constant, however, is a convenient form 
for the estimation of reaction velocities at a given 
temperature. This constant integrates both the mean 
coefficient and the composition limits of 
the phase into one unit; whereas, in the separated 
n, each of these factors may be very difficult to 
letermine. The following example illustrates the 
ise of k in estimating the transport capacity of 
wustite layers formed during reduction with carbon 
monoxide: At 1000°C, the relation between layer 
thickness (mm) and annealing time (hr) was found 


to be 


constant 


ration 


diffusion 


(Azx)’ 0.52t. 


Differentiating the expression yields the rate of in- 
n thickness of the layer per unit time 


d(Ax) 0.26 
mm per hr. 


dt Sr 


When a hematite single crystal is reduced by carbon 


Fos} }} 
i 
z 


Fig. 4—Isothermal rate of growth of wistite from microscopic meas- 
wrements is illustrated. Porabolic curves indicate diffusion con- 
trolled reaction 
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monoxide at this same temperature, the reaction is 
relatively fast and the dense portion of the wiistite 
layer maintains an average thickness of about 0.07 
mm.” Using this value of 4z in the rate expression, 
the rate of growth becomes d(Ax)/dt = 4 mm per 
hr, which is about the same velocity observed for 
the magnetite-wiistite interface moving into the 
crystal. When a single crystal of magnetite is re- 
duced under the same conditions, the dense layer of 
wiistite forms with a thickness of 1 mm or more and 
the penetration velocity is correspondingly slower. 
For the conditions stated, these calculations show 
that the dense portions of the wiistite layers have 
sufficient transport capacity for the iron migration 
needed to sustain the reduction of magnetite to 
wustite 

The measured parabolic rate constants indicate 
high ionic mobilities in the wiistite lattice. A funda- 
mental interpretation of such ion movements in 
solid state reactions has been made by Wagner 
* For the process of oxidation, he derived the fol- 
lowing rate equation for the growth of a single 
oxide layer on a parent metal 


= (- ——— + din ay [6] 


Pome / 
( 7 dina. [7] 


where k, is the rational rate constant in terms of the 
number of chemical equivalents of oxide formed per 
square centimeter per second through a reaction 
layer 1 cm thick; z is the chemical valence of the 
component particles; c,, is the concentration of metal 
or nonmetal ions in equivalents per cubic centimeter; 
D’ is the self-diffusion coefficient of the component 
particles in square centimeters per second; and a’ 
and a” are the chemical activities of metal (me) 
and oxygen (O) at the inner and outer surfaces of 
the growing oxide layer, respectively 

A number of assumptions are used in deriving 
these equations. The transference numbers of the 
ions are assumed to be small in comparison to the 
transport numbers of electrons. An oxide growing 
on a metal base must have the same properties as 
homogeneous bulk oxide of the same chemical com- 
position. Wagner also found it necessary to assume 
that the oxide forms with only slight deviations 
from the ideal stoichiometric composition. Under 
this condition, the sum of the migration rates of 
metal and nonmetal must be the same at any dis- 
tance from the metal-oxide interface. All of these 
assumptions seem to be allowable for a growing 
wiistite layer. The other basic assumptions made, 
that of the ions and electrons migrating independ- 
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Fig. 5—Parabolic dato is represented linearly 


ently of one another and that of the Nernst-Einstein 
equation relating ionic mobility to the self-diffusion 
coefficient, are more disputable. A discussion of the 
validity of Wagner's equations in the case of dif- 
fusion through wiistite is given by Himmel, Mehl, 
and Birchenall.” These authors used the equations 
in deriving rate constants for the oxidation of iron 
from self-diffusion data. In the present work, the 
same equations will be used for estimating self- 
diffusion coefficients from experimentally deter- 
mined rate constants for the solid state reduction 
of magnetite by iron 

Marker studies in the oxidation of iron’ ” have 
shown that the oxygen ion contribution to the mass 
transport across the wiistite layer is negligible. A 
check was made as to whether this finding was valid 
in the reverse process of reduction. Tungsten wire 
markers, 25 microns in diameter, were pressed be- 
tween a core of single crystal magnetite and a shell 
of electrolytic iron powder After annealing the 
compact at 900°C to produce a sizeable layer of 
wiistite by the solid state reduction process, the 


Table |. Data for the Determination of Self-Diffusivities from Parabolic Rate Constants 


CaCm G Pe per 

Tempera- Sq Mm Sq Cm Fe,0 per CeCm 
tere, per Hr per See G Fe Wt Pet FeO 
600 1 3x10 lt 1.31 0.26 46x 
TOO 40x10 11x10 1.20 0.72 4.17x10 
750 12x10 34x10 1.22 5.07x10 
800 38x10 11x10 124 1 04 5 84x10 
850 70x10 19x10 124 1.18 6 65x10 
925 2 6x10 72x10 127 7.55=10 
1000 52x10 1.20 66x10 
1090 13 36x10 1.35 1.70 
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Derr D D 

Sq Om Sq Cm Sa Cm 

per See Ine’ Wt Pet per See per tec 

0.70 0 35 76.65 x10 

1.1x10 0.33 1.11 76.48 95x10 24 to 27x10 
ney 

2.7x10 0245 140 76.42 23x10 

7 4x10 0.181 170 714.36 61x10 

12x10 0142 104% 76.30 9 3x10 

38x10 0 098 2.33 76.22 29x10 22 to 40x10 

64x10 0.074 2600 76.14 49x10 14to 9 

1 4x10 0 048 3 06 7604 1 
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markers were found to be still located at the 


oxide interface, Fig. 6. This behavior indicated that 
the wustite growth had taken place entireiy ty the 
diffu n of iron ion Accordingly, the xide ion 
te n Eq. 7 can be disregarded. For the present 
work, Eq. 7 may be further simplified t ssumMming 
a constant self-diffusion coefficient for iron, inde- 


pendent of concentration. The equation can now be 


written in the form 
a 
D* in [8] 
a 
where . the average concentratior f iron if 
wlstite and D the self-diffusion coefficient for 
As a means of furthe ‘ atior t can be 
now I Eq that the parabolx ite cr tant 
elated to the rational rate constant b 
2k 2a D (Cc Cc } 2a k [9] 
The mboil ised instead of D to signify the 
fective diffu coefficient epresenting the 
f f ire between regior f different 
nce! t The fact . is used t nvert k 
thickne wustite i formed to 
g arn g iting ic” we) 
epresent the difference ron concentration be- 
the n-wustite and the wustite-magnetite 
ntertace espective 
F ind 9 ther iy be combined to arrive at 
the f wing expre on for the self-diffusion co- 
effici< 
o)/ 
) ) 
in 
Gv. 
Za in 
I ler the assumptions made, these equations giv 
‘ hip between the parabolic rate c nstant 
he self-diffusion coefficient of iron, and the effec- 
e efficient at ar me temperature In 
hown, the f the expre on does 
t det 1 of he ct ‘ f standard state to which 
tie ete the ch ict of unit 
it 
rhe ata needed in Eq 10 for the calculation of 
tire iraboik ate nstant ire listed n 
ent it ind activitie for 
t phase e take the of 
ru and H me Met ind B n- 
‘ ‘ In e presentat r A tite r lered 
i solut with x en act the 
rhe qu oot of the eg 
partia xVeer nm the gas phas« W tite 
n eq it wit? r eT us the tandara 
tate ar art temperature the activ- 
tis ‘ ed thy Duhen 
ntegrati The eva ited st r net- 
f the where w tite f an average 
( positior ned fron gnetite and n, the 
average position of wiistite varying with tem- 


perature 


The resulting values for self-diffusion coefficients 


of iron in wilstite f an aver: 


ge composition are 
listed in col. 11 of Table lL. These values compare 


favorably with self-diffusivitie as dete ned di- 
rectly by tracer measurement Table I An 
Arrhenius plot of log D’ vs the reciprocal of the 
absolute temperature is shown in Fig. 7. The slope 
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Fig. 6—Diffusion in wistite wos studied by use of markers 
The morkers ore still at the oxide-metol interface after an- 
nealing for 14 hr at 900°C, indicating inward migration of 
iron. Sample was etched. X90. Area reduced approximately 
20 pct for reproduction 


f the curve yields an activation energy of about 
33 keal per mol for the self-diffusion of iron in 
wustite 
It must be emphasized that the values obtained 
The self-diffusion co- 
actually varies with concentration,’ 
and the assumption of a constant D’ was made in 
Another uncertainty lies 


for D" are approximate ones 


efficient of iron 


implifying Eq. 7 to Eq. 8 


with the concentration limits of the wiistite region 
in the Fe-O system. These uncertainties must not 
have been too serious as evidenced by the agree- 


studies. The value of 
mol for the activation energy of dif- 
fusion also compares favorably with the value of 
obtained from studies and 
with the approximate value from the oxidation of 
ron." This of data on diffusivities and 
activation energies establishes the close relationship 


ment attained with the tracer 


KCal per 


10 kcal per mol tracer 


agreement 
between the related solid state processes in oxida- 
tion and reduction 
Summary 
1—The solid state reduction of magnetite by iron 
been studied in the 
1090°C. Specimens 
single crystals of magnetite and par- 
in hydrogen at 450°C to form iron- 
These were annealed at the 
higher temperatures to promote the solid state re- 
action 
2—The isothermal solid state reaction between 
iron and magnetite formed layers of wiistite and the 


wistite phase has 
temperature range of 600° to 
were cut from 
tially reduced 


magnetite couples 


measured accurately 
was diffusion 


parabolic law often 


could be 
under the microscope. The 
controlled and followed the 
quoted in oxidation studies 
3—From parabolic rate constants, transport capac- 
ities were calculated for dense wiistite layers of a 
‘rmined width, such as are found in the gas- 
reduction of hematite and magnetite single 
Examples were given showing that these 
ite layers had enough transport capacity 
to account for the observed reduction velocities 
4—Marker in the reduction of magnetite 
showed that the mass transport across dense wiistite 


thickness of these 


reaction 


predet 
eous 
crystals 
dense wiist 


studies 
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layers was accomplished by the migration of iron. 

5—The theoretical rate equations developed by 
Wagner for oxidation processes were used in esti- 
mating self-diffusivities of iron in wiistite from 
parabolic rate constants determined in the reduction 
of magnetite 

6—There is a close relationship between the oxida- 
and the reduction of dense 
Both processes involve the 
reactions, and the major 
differences in the overall reaction rates are due to 
the different physical properties of the reaction 
products. In reduction, porosities give rise to smaller 
dense layers and thus a higher rate of mass trans~- 
port is accomplished 
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o-Co System at 1300°C 


the 1200°C isothermal 
urveyed. It 
(Cr.Co)e, 
system in 


N a previous publication, 

section of the Cr-Mo-Co sy 
was found that starting from the binary 
the o phase extends deep into the ternary 
the form of a narrow band, which, when extrapo- 


stem was 
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1300°C isothermal! section of Cr-Mo-Co system with 
the composition of the alloys used indicoted 
po 


Fig 


ate e { M binary ystem, doe not corre- 
pond to the actual composition of the (Co,Mo)e 
(The te table at a temperature above 
) i w ngated shape of the ter- 
eld at 1200°( 5s in distinct contrast to the 
phase fleid in the Mo-Fe ternary system, which 
h broads han those f the « esponding 
pina ten Anothe notabie feature of the 
thermal section in the ‘ Mo-Co system 
was the occurrence f a ternary phase, RR. of un- 

1 apparently compiex tructure 
I ene nvest nm rhe arr ternary 
te va ed at where the binary 
je phase ilso sta Or hundred nine 
were p ired, most of them by vacuum in- 
neit nea the nolybddenum cor- 
hea g higher liquidus temperature, were pre- 
in a furnace atrr phere 
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C for pe is fror - to 240 hr, depending 
it hie Dale j ‘ ntent ising purified he urn 
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xX Tract The accuracy 
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necting the two binary o phases at 1300°C, Fig. 2. 
At this temperature, the o phase becomes consider- 
ably wider at the ternary range than at the binary 
compositions, in contrast to the results at 1200°C 

The peculiar concave boundary of the o phase 
field facing the Co-Mo binary side is undoubtedly 
jue to the presence of the ternary phase designated 
as D. The composition range of the D phase at 
1300°C includes that of the R phase at 1200°C al- 
though it is distinctly wider. The X-ray diffraction 
pattern of the D phase indicates that its structure is 
different froin that of the R phase and that it is 
probably also rather complex. The X-ray diffraction 
lines with Cr Ke characteristic radiation are given 
in Table I 


Toble |. Typical X-Ray Diffraction Pattern of the D Phase* 
Esti- Esti- 
mated mated 
Line Inten- Line In- 
Ne Sin!’ » d sityt Ne Sin’ 4 tensity’ 
I 0.2078 my 21 0 4526 1.701 vw 
2 2301 vw 22 0.5793 1.504 vw 
; 0 2339 “ 23 0 6420 1.428 w 
‘4 0 2380 M 24 0 6940 1.374 vw 
5 2469 “ 25 0.7171 1.351 vw 
6 2581 “ 26 0.7847 1.292 M 
7 2742 vs 73 0.7872 1.292 M 
4 7 vs 238 0 8099 1.27 M 
9 vs 29: 0.8037 1.279 M 
10 M 30 0 8069 1.274 M 
11 M 3it 0 8095 1.275 M 
12 2 Ss 32 0.8298 1.256 M 
33: 0 8330 1.256 M 
w 34 0 8443 1246 vw 
15 1.903 vw 35: 0.8473 1.246 vw 
16 3647 1.895 vw 36 0.8497 1.242 vw 
i7 0.3788 1 859 M 37 0 8529 1.242 vw 
8 0.412 1.781 M 34 0 8652 1.230 w 
4252 755 vw 3¥: 0 8680 1.231 “ 
20 0 4326 1.740 vw 
74 Ka radiatior asymmetric Phragmen-type focussing camera 
sy posit 7 wt pet Cr, 36 wt pet Co, and 47 wt pet Mo 
vw ‘ weak, W weak; M. medium; 8S. strong; and VS 
Diffract es are due to CrKa: radiation. Other lines are 


jue to Cr Ka: and a (unresolved) or to Cr Ka radiation only 


The solid solubility limits of the body-centered- 
ternary solid based on the Cr-Mo 
binary system and of the face-centered-cubic solid 
solutions near the cobalt corner have not been de- 
termined. The dotted boundaries in Fig. 1 represent 
based on the relative amounts of 
present in certain of the alloys. Similar 
estimates indicate that the » phase, which coexists 
with both the o phase and the D phase, may dissolve 
chromium and extend somewhat into the ter- 
nary composition range, as shown in Fig. 1 


cubi solutions 


roi 


timat 
imates 


these 


pha es 


some 


Summary 

It was found that at 1300°C a continuous field of 
olid solutions connects the (Cr,Co)se with the 
(Co,Mo)e in the Cr-Mo-Co ternary system. The ter- 
nary o phase field is considerably wider than either 
one of the binaries. A new ternary phase, D, of un- 
known and apparently complex crystal structure 
was found at 1300°C at the approximate composi- 
tion occupied at 1200°C py the R phase 
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AIME OFFICERS: 
President—'- 
Vice-Presidents— eiman, W 


le om 


President-Elect—C_ £ Re tle 
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Board Approves 
Research Projects 


Eight research projects in the field 


of the AIME have been approved by 
the Board f financing by the Engi- 
neering Foundation. The list, with 
the amount recommended for sup- 


port by the Foundation, is as follows 
Alloys of Iron Research 
Work on Monographs 
Heat Flow in Quenching— 
Columbia University 
Diffusion in Steel—Effect 
of Applied Stress on the 
Rate of Self-diffusion in 
Alpha Iror 


$5000 


3500 


achusetts Institute 

of Technology 2500 
Comminution Research 

Massachusetts Institute 

of Technology 3000 
Forces Exerted by 

Oscillatory Fluid Motion 

on Cylinder University 

of California 1500 


Study of Storm Surges 
Lamont Geological 
Columbia 
5000 


Corrosion Research 


Cour Grant for 
Research 5000 
Diffusion of Metals 
Carnegie Institute of 
Technology 5000 
Engineering Foundation financi- 
illy sponsors a number of research 
pr n the field f the Founder 
Societies, provided additional sup- 
port car be obtained in otner 


and requests for 
support may be 


AIME. 


made to the secretary 


New Building 


Decision Deferred 


At the meeting of the AIME 
Board of Directors on April 13, dis- 
on continued on the location of 
building to house 


the proposed new 
the national engineering societies. 
L. F. Reinartz presented an ampli- 
fied report of the Committee of the 
Five Pres stating in more de- 
tail than had been done heretofore 
that had impelled the 


recommend a move to 


ients 


the reasons 


Committee to 


Pittsburgh. He said that the Com- 
mittee had again met on April 4, and 
four of the five members had re- 
iterated their preference for Pitts- 
burgh, based on all the information 
then at hand. The president of the 
Civil Engineers had given a minority 
report recommending that decision 
be deferred 

In any case, it is expected that the 
Annual Meetings of the AIME in 
even-numbered years would con- 
tinue to be held in New York: also 
that a small branch office of each of 
the societies in New York would be 
advisable 

It was felt that interests anxious to 
have the societies remain in New 
York had become much more active 
and that their story should be heard 
before a final decision is made 

Following the extended discussion. 
the Board voted to defer action until 
the next Board meeting, on June 15 
In the meantime the AIME repre- 
sentatives on United Engineering 
Trustees, holding group for the 
present building, are asked to study 
any new factors that may arise and 
comment on the situation at the June 
meeting 


EJC Gains 
Constituent Society 


The American Society of Refriger- 
ating Engineers has been accepted as 
a constituent society by the Engi- 
neers Joint Council. The Council 
also announced the election of the 
American Institute of Industrial En- 
gineers as an associate, the first to 
become an EJC associate 

EJC has nine constituent societies 
with a total membership of more 
than 196,000. Other EJC organiza- 
tions are American Institute of Min- 
ing and Metallurgical Engineers, the 
American Society of Mechanical En- 


gineers American Water Works 
Assn., Armerican Institute of Elec- 
trical Engineers the Society of 
Naval Architects and Marine Engi- 
neers, American Society for Engi- 


news 


neering Education, and American 
Institute of Chemical Engineers 

A total membership of 5000 is 
needed for a national organization to 
qualify for constituent membership 
A recent constitutional amendment 
permits organizations with less than 
5000 members to be admitted as as- 
sociates. The American Institute of 
Industrial Engineers, with head- 
quarters in Columbus, Ohio, has 
some 3000 members. The American 
Society of Refrigerating Engineers 
New York City, has more than 6200 
members 


Philadelphia Section 


Sees Taconite Film 


The Mining and Metals Branches 
of the Philadelphia Section met joint- 
ly for cocktails and dinner. Imme- 
diately following the dinner, a color- 
sound movie, just released by the 
Reserve Mining Co., was shown on 
the Development of Taconite in 
Minnesota 

Edward Sampson, of the dept. of 
geology of Princeton University, pre- 
sented a talk entitled, Around the 
World with Geological Comments 

The Metals Group were treated to 
a three act skit called, Statistical 
Planning of Laboratory Experiments 
This was given by F. R. Del Priore, 
statistician, Engineering 
Station, U.S.N. and 
tatistician 


analytical 
Experimenta! 
B. B. Day 

Bureau of Ships 


consulting 
U.S.N 


DIRECTORY 


wa announced in the 

ut Members may obtain a 
cop f the director without 
cost by sending in the coupon 
which appeared on p 492 
March 1955, JournnaL or Met 


ALS, or by letter. Please use the 


Sept. 15, 1955 is the deadline for the Institute of Metals Div. papers for the 1956 
New York Annual Meeting ond the deadline for all iron & Steel Div, ond Extractive 
Metallurgy Div. papers to be preprinted. Papers received by this deadline but re 
quiring revision may not be processed in time to permit scheduling for this meeting 
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CIM Attracts Record Crowd at Annual Meeting 


The mnual meeting of the Cana- 
lian Institute of Mining and Metal- 
lurg Toronto, April 18 to 20 had 

Eight ‘ occupied the 
ibrect Of pe 

‘ xt mm 
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EJC Proceedings 
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Service Opportunities for EJC 


Luncheon addre if Dael 
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entire lifferent process fre 
used by Il jevised by Frank Fo 
ward, of the University of British 


At the welcoming luncheon, AIME 


‘ H D S va the 
ler spirit wa ent in many 
ways. The retiring Secretary of the 
SIME. E. H. Robie. w tendered a 
} CIM pre lent Charley Hustor 
, ted that Mr. Robie had 
ked in Canada, had long been 
ember of the CIM and attended 
P eat g ind had done 
‘ eeting and 
one wed the ‘ 
| . f Thetf i Mines 
Qu ffice as 
t f tre rT eal 
R es a Advanced Train- 
‘ tive ‘ etar’ 
A, in Assn. for the Advance- 
‘s ¢ peaking or Com- 
vetit for High Grade 
4 ar the dinner adaress 
¢ Donald Quark issistant 
‘ 4 lefense. Research and 
1 pment, on Engineers and 
O \ We Be g 
Cor be purchased at $1 
Reg t emittance 
hve ‘ t Er neers 
29 W 19th St New 
y K N. ¥ 


Conference 
Held in July 


The Gordon Research Conference 
the Chen ana P} Vsics of 
M held Ju 9 to 29 at 
t I ‘ fR e Island 

A part t A rican Assn. for 
tre nt f Science, the 
ve established to 

te ul r iniversitie 
h foundatior ind industrial 
Purpose achieved 
; f type of meeting 
f he i lectures and 
te t attending 

ect itions to W 

l f Ri e Island, Kings- 

| 


Awards Authorized 


T AIME Board of Directors has 

it the committees adminis- 

f the awards of the 

t f candidates. These include the 
chievement 

D s Medal nonfer- 


Coming Events 


Jene 1-18, Jeint Metallurgical Secietics. 


European meeting 


Jane 7-10 American Welding Seciety. na 
tiona spring meeting. Muehlebech Hote! 
Kansas Cit M 


June 8-18 International Organization § fer 
Standardization, genera! assembly meeting 
Stock h« Sweder 


June 13-25, Cornell University, sursmer lab 


course, Techniques and Applica 

t s of Electron Microscope, Ithaca, N. Y 

14-16, Conference on Magnetiom and 
Magnetic Materials, AIRE. AIMEE. Americar 
>> Society Carnegie Institute of 
Tech ay Williar Penn Hotel, Pitts 
burgh, Pa. 

June 17, AIME. Spokane Subsection, Desert 

te Spokane, Wash 

June 19-23 ASME semi-annual meeting 
Statler Hote Boston, Mass 

June 26-23, Industrial Finishing Exposition 
Cleveland Public Auditorium, Cleveland, 
Ohio 


American Seciety for Engineer- 
tien, annual meeting, Pennsy!- 
te University, State College, Pa 


June 26-Jaly 1, ASTM, annual meeting, Chal- 
fonte-Haddon Hall, Atlantic City, N. J 


June 9, International Electrochemical 
Commission, London 
Coliseum, 


Sept. 6-16 Chicago 


Metal Show 
Chicag ] 

Percelain Enamel! Institute 
practice forur Deshler-Hil 


Dp pra 
versity, 


Ohio State Ur 


Sept. 14-16 


Hote and 
bus, Ohio 


Sent. 25-28 American Institute of Chemical 


ingineers, Lake Placid Club. Lake Placid 

Sept. 26-30, Atemic Industrial Ferum trade 
fair Sheraton-Park Hotel Wa 
D. ¢ 

Oct. &-15. Electrochemical Seciety, Willian 
er Hote *ittsburgh, Pa 

Oct. 17-19, AIME, IMD, fall meeting. Ade! 
phia Hotel, Philadelphia, Pa 

Oct 4-2 Stee! Founders Seciety of Amer- 
fa eeting, Greenbrier, White Sul 

r St gs, W. Va 


Oct. 17-28, National Conference on Industrial 
Hydraslics, annual meeting. La Salle Ho 
tel, Chicage ] 


Oct ti-Nevw 4 
Institute amr 


National Lubricating Gre 
Be h Hote Chicag 


neeting Edgewater 


Nev. 4. AIME,. NOHC. Pittsburgh Local Sec- 


off-the-record meeting Pittsburgh, 


Pa 


rous metallurgy; 

Wi Lawrence Saunders Med- 
al, in mining; 
Anthony F 
leum:; 

Erskine Ramsay Medal, in coal 

Robert H. Richards Award, in 
minerals beneficiation; 

Charles F. Rand Medal, in 
inistration;: 

Benjamin F. Fairless 
ferrous production and metallurgy 

J. E. Johnson, Jr. Award, to a 


young man for pig iron metallurgy 


Lucas Medal, in petro- 


mining 


Award in 


5 papers 
Robert W. Hunt Medal, 
steel: 


Mathewson Medal, physical 


iron and 
metal- 


ng. geol- 


rey; 
Robert Peele Award, n 
ogy, or geophysics 

Rossiter W. Raymond Award for 
best paper by a young man 


ing Educ 
Mate ‘ g Way. One 
| uct of 1 ty of the lubricant Gordon 
dived by the presare "To Ba 


Increasing Attendance Marks Successful Northwest Conference Meeting 


EARLY 400 persons attended the 
AIME Pacific Northwest Confer- 

ence in Spokane, Apr. 28 to 30, 1955 
Registration for the technical sessions 
was 282. There were 49 students 
from the University of British Co- 
lumbia, Montana School of Mines, 
University of Idaho, University of 
Washington, State College of Wash- 
ington, and Gonzaga University. The 
organization committee developed 
plans by which the cost of hotel and 
official luncheons and dinners was 
put within the reach of college stu- 
dents. A pleasant and unplanned 
affair was the student banquet on 
Thursday evening, attended by 81 
The student dinners were paid for by 
four contributing companies—Har- 
vey Aluminum Co., Bunker Hill & 
Sullivan Mining & Concentrating Co., 
Colorado Fuel & Iron Corp., and E. L. 
duPont deNemours & Co 

The ladies’ activities included golf 
at the Spokane Country Club, and a 
luncheon which more than 80 at- 
tended. Attendance at the Metals 
Branch luncheon on Thursday noon 
was 151 and the Mining Branch 
luncheon on Friday had an attend- 
ance of 165 

At the banquet, Thomas W. Del- 
zell, chairman of the board, Port- 
land General Electric Co., told an 
audience of 233 that power develop- 
ment in the northwest will require 
an expenditure of $1 million per day 
for the next 10 years to meet the re- 
quirements of the region 

K. W. Haagensen, director of pub- 
lic relations, Allis-Chalmers Mfg. Co., 
spoke at the Metals luncheon on We 
Have What It Takes—If We Take 
What We Have. He reviewed the 
present engineering manpower situ- 
ation in the light of needs and en- 
rollment. He recommended that we 
think about and improve what we 
have and not worry about isms such 
as communism 

At the Mining luncheon, William 
W. Mein, Jr., a Vice President of the 
AIME spoke on Opportunities in In- 
dustrial Minerals. This, he said, was 
closely tied to population increase 
and a steadily rising standard of 
living. He stressed the need for a 
continuous program of basic research 
in industrial minerals. He illustrated 
the rise in this commodity by ilus- 
trating that his grandfather had 
started in the gold fields, his father 
had gone into copper, and now he 
was making a good living on cement 

The Kaiser Aluminum & Chemical 
Corp. invited thos interested to 
visit the reduction plant at Mead and 
the fabricating facilities at Trent- 
wood. Some 120 men and women 
took advantage of this opportunity 
on Thursday afternoon 

One of the highlights of past Con- 
Mineral In- 
Education sessions, which 
traditionally on 


ferences has been the 
dustries 


have been held 


The local committee responsible for the fine meeting was, first row, left to right 
John Bowsher, Frank Marr, Mrs. John Bowsher, A. E. Weissenborn, and Norm 
Second row, left to right: Dove Watson, Lowell Moon, Everett Oscorson, 


Sather 
and F. R. Morral 
Korl Jasper 


Thursday evening. Professor Spiel- 
nan, dean of mineral industries 
State College of Washington, had 
chosen a panel which presented the 
elements of mineral engineering edu- 
cation, and the present trends in 
general education for engineering 
students. J. B. Bramer, 1950 Mon- 
tana School of Mines graduate, dis- 
cussed what he felt had been useful 
to him and what had not. Modern 
trends in curricula were illustrated 
by the one now adopted at the Uni- 
versity of California, as presented by 
Professor Ravitz 


Extractive Metallurgy Sessions 
Reported by R. J. Lapee 

Three of the papers described proc- 
esses in actual successful operation 
in the Northwest. These were ea de- 
scription of the Fluo-Solids roasting 
plant at Anaconda’s Yerington mine 
at Weed Heights, Nev., by Howard 
Jackey, foreman of the Fluo-Solids 
and acid plant; a discussion of the 
slurry preparation plant for spray- 
ing reverberatory arches at the Ta- 
coma smelter by C. R. Low, general 
superintendent; and description of 
the operation of the plant of the Salt 
Lake Tungsten Co. by B. T. Burwell, 
superintendent 

Two papers given by A. J. Kauf- 
man, Jr. and F. W. Wessel of the 
Bureau of Mines at Albany, Ore., dis- 
cussed the work being done to de- 
velop specific mineral resources of 
the northwest. Another paper by 
John H. Dismant of the State College 
of Washington gave a workable proc- 
ess for production of low carbon 
cobalt by electrothermic processes 

A very outstanding paper discuss- 
ing the effect of germanium in the 
electrolytic zinc cell, together with a 
description of a method for quantita- 
tive determination of very minute 
quantities of germanium by infra- 
red spectroscopy was presented by 
James H. Foreman, a graduate stu- 
dent at the State College of Wash- 
ington 

S. C. VanPraag of the Albany Felt 
Co., Albany, N. Y., gave a paper as a 
follow up of the 1954 filter media 
symposium, bringing the members 
up to date on the progress being 


Not present but on the committee were Hamilton Owen and 


made in use of new synthetic fibers 
in the dry filtration field 

One of the most interesting talks 
at the sessions was the informal talk 
given by E. R. Marble on his recent 
visit to Japanese smelters and re- 
fineries 


Physical Metallurgy Sessions 
Reported by P. R. Sperry 

The physical metallurgy sessions 
were attended by a total of about 90 
persons. They covered a wide variety 
of metals, from aluminum to zircon- 
ium, and included some interesting 
techniques for determining various 
physical and mechanical propertie: 
of metals and alloys. That the sub- 
jects were of interest to the listeners 
was evident by the considerable 
amount of discussion. The Thursday 
morning session was highlighted by 
a description of the facilities of the 
radiometallurgy div. of the Gen 
eral Electric Co. at Richland, Wash 
This talk by L. D. Turner was illus- 
trated with color slides instead of 
the film originally scheduled 
The most impressive papers of the 
Friday afternoon session were thos« 
dealing with phase transformation in 
Ti-rich alloys of Ti-Ni of Polonis and 
Parr and the paper on metal forming 
parameters from true stres train 


data 


Symposium on Fluorescent X-ray 


Analysis 

Thi ymposium was a new ex 
periment 

Before illustrating actual analyse 
made at the Montana Schoer 
Mines, Professor Hames discuss 
precision and statistical a pect 
analytical control. Geochemical pro 
pecting examples were er t 


giv 
of Zn in soil The after 
noon was devoted to an equipmen 
demonstration. A Norelco diffraction 
and fluorescent unit had been moun 
ed by the North American Philips Cé 

It was announced that E. R. Marbls 
retired manager of the Tacoma smelt 
er of American Smelting & Refini 
Co., and a Director of the AIME had 
been chosen general chairman for 
the 1956 Pacific Northwest Regional 
Conference to be held in Seatth 


traverse 
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Over 763 members ottended the annual Fellowship dinner held in the Bellevue-Stratford Hotel April 19. The Pottstown Band 
which entertained members during the bonquet was given a standing ovation 


Joint Sessions, Fairless Plant Trip 
Highlight Philadelphia Open Hearth Meeting 


gs {E first joint session betweer factors, use of open hearth slag in staetter, Inland Steel Co., presiding 
t fu 1 open heart! blast furnaces and its effect on open T. B. Counselman, Vice President 
ghted the 38t r hearth practice, and a general dis- of AIME, spoke at the Fellowship 

t Furnace, Coke Over i n of mutual problems were in- dinner Tuesday evening and out 

Materia ( nmittee ind lude n the progran lined the plans and service ffered 

Open Hearth Con t The Blast Furnace, Coke Oven and by the AIME. A. H. Williams, presi- 

tI phia's Bellevue-Strat Raw Materials luncheon and busi- dent, Federal Reserve Bank of Phil- 

Al to 20. Statist ne eeting wa held Tuesday idelphia, spoke on the role of the 

pen hearth productior Api 19 with Chairman Kurt Neu- heavy industries in our modern econ- 


Art Thorntons, Chowmen of the Iron and Stee! Div. AIME, A. H. Willioms, president, Federal Reserve Bank of Philo 
is shown with two Post Chairmen of the NOHC, John delphic, the principal specker at the Fellowship dinner 
Golden, Stee! Corp. ond L. Berner, inland Stee! Co chets with T. B. Counselmon, Vice President of AIME 
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A group of executive 
boord members of 
NOHC pose for on 
informal picture oat 
the head table cock- 
tail porty 


omy. Mr. Williams stressed the tre- 
mendous impetus given the steel in- 
dustry to modernize and mechanize 
its steelmaking facilities to meet in- 
creased labor costs and competition. 
Toastmaster was C. L. Huston, presi- 
dent, Lukens Steel Co., Coatesville, 
Pa. The Pottstown Band, courtesy of 
eastern suppliers, entertained mem- 
bers during the banquet 

L. R. Berner and C. C. Russell re- 
ceived the Past Chairman’s Certifi- 
cates, Perpetual Registration Cards, 
and Golden Hour Clocks. Presenta- 
tions were made by L. A. Lambing 
and Kurt Neustaetter 

The F. B. McKune Award was pre- 
sented to R. L. Sigl of Armco Steel 
Corp. for the paper, Maintaining Open 
Hearth Performance with Multiple 
Fuels. Phillip Smith and J. F. Elliot 
of Inland Steel received the Open 
Hearth Conference Award for the 
paper, The Influence of Hot-Top 


Head table view shows Kurt Neustoetter, Choirman of Blost Furnace, Coke Oven and Rew Materiais Committee, presenting the 
Perpetual Registration Card ond Golden Hour Clock to C. C Russell, Past Chairman 


L. A. Lambing, Chairman of NOHC, presents the McKune Award to R. L. Sigil, 
Armco Stee! Corp., for his paper, Maintaining Open Hearth Performance with 
Multiple Fuels 
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Coverings on Steel Quality of Plam 
Carbon and Low Alloy Grades of 
Killed Steels The JOURNAL OF 
Merats Award this year went to 
R. W. Sundquist of U. S. Steel Corp 
for the paper, 100 Pct Sinter Burden 
ut (sary Tr 

Total attendance at the conference 
meetir was 1586. Over 700 mem- 
rs took advantage of the plant trip 
and toured the Fairless Work of U.S 
Steel Cory m Wednesday morning 

H. G. Grim, Heppenstall Co., Pitts- 


burgh, was elected Chairman of the 


NOHC, and W. E. Marshall will be J. F. Elliot and Phillip Smith, Inland Steel Co., are shown receiving the Open 
hairman of the Blast Furnace, Coke Hearth Conference Award for their paper, The Influence of Hot-Top Coverings 
Oven and Raw Materials Comrnittee on Stee! Quality of Plain Carbon and Low Alloy Grades of Killed Steels. 
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The JOURNAL OF 
METALS Aword was 
given to R. W. Sund- 
quist, U. S. Steel 
Corp., for his paper, 
100 Pct Sinter Bur 
den at Gary Works 


Pictured above ore @ growp of Past Chairmen of the Blast Furnace, Coke Oven ond Raw Materials Committee 
highpoints of the Fellowship dinner was the presentation of certificotes of honor to these gentlemen. 
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Ninth Annual New England Conference Held in Boston 


EMBERS attending the Ninth 
Annual New England Regional 

Conference held in the Statler Hotel, 
Boston, April 22 and 23, were treated 
to a tour of the Saugus Iron Works 
Restoration on Saturday. The Saugus 
Works is a complete and authentic 
replica of America’s first successful 
ironworks established 300 years ago. 

The Conference under the chair- 
manship of F. H. Wilson, American 
Brass Co., was devoted to the subject 
of metal bonding. The Friday morn- 
ing technical session with A. A 
Burr, Rensselaer Polytechnic Insti- 
tute, as Chairman included the fol- 
lowing papers: Solid Phase Joining 
by B. Rightmire of MIT; Base Metal 
Effects in Welding by E. F. Nippes of 
Rensselaer; and Surface Tension Ef- 
fects and Diffusion in Sintering and 
Bonding by H. Udin of MIT 

The afternoon session was under 
the Chairmanship of Delmar E. 
Trout, Scovill Mfg. Co. The papers 
presented were: A New Metal Clad- 
ding Development by George Durst, 
Metals & Controls Corp.; Controlled 
Atmosphere Furnace Brazing by 
F. C. Kelley, General Electric Re- 
search Laboratory; Fundamentals of 
Flash Welding by W. F. Savage of 
Rensselaer; and Fusion Welding Ti- 
tanium by C. E. Hartbower of Water- 
town Arsenal D. Hell, F. 

Speaker at the banquet was E. N Wilson, Cheirmen 
Hartley of MIT who spoke on Rich- of the Regions! 
ard Leader—America’s First Metal- Conference, ond 
lurgical Engineer. D. R. Hull of 
American Brass Co. was toastmaster were emong these 
Total registration for the meeting whe contributed 
wes 1564 to the stimulot- 

At the Regional Conference busi- ing conference 
ness meeting it was voted to include 
eastern New York from Schenectady 
and the Troy-Albany area. K. H 
Mairs was elected Chairman, W. A 
Backofen, Vice-Chairman, D. E 
Trout, Secretary and G. W. Coleman, 
Treasurer 


Speaker for the New England Regional Conference Dinner was E. N. Hartley, asso- 
ciete professor of history, M. |. T. and consultant for AIS! restoration at Saugus 
Toastmaster was D. R. Hull of the American Brass Co 


Authors for the morning session included: Horry Udin, Afternoon session cuthors were: G. Durst, Metals & Con be 
Arthur A. Burr of Rensselaer Polytechnic Insti- trols Corp, Kelley, E. Research Laboratory, D. E 
tute, Chairmen of the Session, and E. F. Nippes, R. P. | Trout of Scovill Mfg. Co., Chairmon of the Session, W. F : 
Not shown is Brondon Rightmire of M. |. T Sevege, R. P. |, and C. E. Hartbower, Watertown Arsenal 
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Personals 


F. 8S. Mulock was elected president 


f ‘ erican Zinc Institute. Mr 
Mulock president of U. S. Smelt 
nes Refinir & Mining Co., Bostor 
Cc. Merrill Chapin, Jr., St. Joseph 
La New York, was elected vice 

RK. G. Kenly J. Zine 

é f New York ind E. Hi 
Snyder, Combined Metals Reduction 
ait Ke t were aiso elected 

Erle V. Daveler 
Lead & Smelting 

eclected trea 
J. A. Succop, chief etallurgist of 
t tall Co.. Pittsburgh. has 
t F | 

M the re State 


ea Four 
titute of Tech 
Simon Feigenbaum has bee amed 
t f Jones & 
Pittst gh. He 
L.. S. Wileoxseon een appoints 
M 
John H. White, Jr 
M ( 
pr 
‘ ‘ 


LEO BAILEY 
Leo Bailey has been assigned t 
Geneva. Switzerland a ar tant 


to the director of Battelle Ms 
iropean operator He 
preser ma temporsa as 
nent in Madrid. R. Q@. Wilsen be 
the tin ted K ngdon repre 


located i 


come 
sentative and is now 


London 
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0. A. Rockwell is vice president and 
general manager, mining and smelt 
ing div Eagle-Picher Co., Miami, 
kwell had been vice 
resident and general manager, Cal- 
umet div., Calumet & Hecla Consoli- 
dated Copper Co., Calumet, Mich 


W. A. JOHNSON 


William A. Johnson recently joined 
the staff of Thompson Products, Inc 


Cleveland, Ohio, as associate direc 


ff research and development 
M Johnson had beer associated 
tre Westinghouse Research 
Lat torie ind Westinghouse 


Albert W. Demmiler, Jr., is a research 
engineer with the physical metal 
aluminum research lab 


rat ‘ Aluminum Co. of America, 
New Kensington, Pa 


Warren P. Chernock has joined the 
it energy div Sylvania Electric 


Prod acts. Ine Bavside N Y 


Robert A. Blake, formerly with 


Ame in Smelting & Refining Co 
( e, Wash., has joined the Lake 
Asbestos of Quebec, Ltd., Quebec 

Harry K. Burke is now employed 
wit the Aluminum Co. of America, 


Davenport, lowa, as a metallurgist 
Robert L. Fullman has been appoint 

nanager of ti material and 
processes studies section at the Gen- 
Laboratory 
: Fullman has 
it tne research laboratory since 


ed € 


L. Cook is returning to England after 


be with the Brazilian National 
Steel C Rio de Janeiro, as tech- 
il advisor 


David G. Bowser is vice president of 
Globe Metallurgical Corp., Beverly 


or Mr. Bowser had been general 

wer of operations, Vanadium 
Cort of America, Niagara Falls, 
N. 


Stanley M. Johns has been trans- 
ferred by Westinghouse Electric 
Corp., Los Angeles to Muncie, Ind 
Mr. Johns was named sales manager 
of the hydraulic drives dept 


Shadburn Marshall is now associated 
with the Westinghouse Electric 
Corp., atomic energy research lab- 
oratory, Bettis Field, Pittsburgh. 
Mr. Marshall had been with U. S 
Steel Corp., Pittsburgh, Pa 


A. C. Melting has joined the Western 
Development Co. of Delaware, Santa 
Fe, N. M. He had been associated 
with the Lone Star Steel Co., Lone 
Star, Texas 


W. S. Lyman is now assistant depart- 
ment consultant, Battelle Memorial 
Institute, Columbus. He had been on 
the staff of the Minerals and Metals 
Advisory Board, Washington, D. C 


W. E. Mahin, formerly technical di- 
rector of Vanadium Corp of 
America, has resigned and accepted 
the position of vice president and 
director of research for the Hunter 
Engineering Co., Riverside, Calif 


Edward Korostoff has joined the 
Eckert-Mauchly div., Remington- 
Rand, Inc., Philadelphia. Mr. Koros- 
toff had been associated with the 
Leeds & Northrup Co., Philadelphia 


Augustus B. Kinzel has been elected 
vice president, research for Union 
Carbide & Carbon Corp. He su 
ceeds George O. Curme, Jr., who is 
retiring as vice president of the cor 
poration, but will continue as a di- 
rector Dr. Kinzel was appointed 
director of research of UCC in July 
1954 


R. D. PARKER 


Ralph D. Parker has been elected 
vice president of the International 
Nickel Co. of Canada Ltd. Mr 
Parker will continue as general 
manager of Canadian operations. He 
is also president of Canadian Nickel 
Co., Ltd 


|. 
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Robert J. Wright has resigned as 
chief, geologic branch, Atomic En- 
ergy Commission, Grand Junction, 
Colo. Mr. Wright has joined the ex- 
ploration staff of Climax Uranium 
Co 


Carroll L. Wilson is vice president 
and general manager of Metals & 
Controls Corp., Attleboro, Mass. Mr 
Wilson had been president of the 
Climax Uranium Co. and director of 
the industrial development dept., 
Climax Molybdenum Co., New York 


Claude E. Schmidt, formerly assist- 
ant chief metallurgist, has been pro- 
moted to chief metallurgist, Home- 
stake Mining Co., Lead, S. D 


John V. Hill has been named man- 
ager, mineral testing laboratory, 
Western Machinery Co., San Fran- 
cisco, Calif. Mr. Hill had been chief 
laboratory technician 


Harold T. Berry, formerly with the 
Ontario Pyrites Co. Ltd. is now 
with the Falconbridge Nickel Mines 
Ltd., Falconbridge, Ont 


J. D. Berwick is associated with the 
Seymour Mfg. Co., Seymour, Conn 
He had been with the Winchester 
Repeating Arms, New Haven, Conn. 


Charles Otto Hodges, president, 
American Cast Iron Pipe Co., Bir- 
mingham, Ala., has retired after 38 
years of service. Stephen D. Moxley, 
was elected president; Arnold J. 
Herrmann, vice president and sales 
manager; Frank H. Coupland, vice 
president and works manager; Ken- 
neth R. Daniel, vice president and 
chief engineer; and A. E. Bowen, 
treasurer 


Frederick Farnow, manager of the 
San Francisco plant, Federated Met- 
als div.. American Smelting & Re- 
fining Co., will become Pacific coast 
manager, succeeding Leo Halpern. 


Clyde Williams, president and direc- 
tor of Battelle Memorial Institute, 
received the honorary degree of 
Doctor of Laws from Marietta Col- 
lege, Marietta, Ohio 


J. L. Meem, Jr., has been appointed 
chief reactor scientist, atomic energy 
products dept., American Locomo- 
tive Co., Schenectady, N. Y. Dr 
Meem had been associated with the 
Oak Ridge National Laboratories, 
Inc., Oak Ridge, Tenn 


Harry V. May, assistant to president, 
Bridgeport Brass Co. has been 
named plant manager of the alumi- 
num div., Adrian, Mich. Mr. May has 
been associated with Bridgeport 
Brass for 25 years 


Kent R. Van Horn, director of re- 
search, Aluminum Co. of America, 
New Kensington, Pa, has been 
elected to honorary life membership 
in the Society for Nondestructive 
Testing 


JOHN CHIPMAN 


John Chipman, head of the dept. of 
metallurgy, Massachusetts Institute 
of Technology, has been named Bes- 
semer Gold Medalist for 1955 by the 
Iron & Steel Institute of Great Brit- 
ian 

R. A. Buchholz has been named 
Pittsburgh district sales manager of 
Harbison-Walker Refractories Co., 
Pittsburgh. He previously had been 
a member of the Cleveland district 
sales staff 


Benjamin 8S. Mesick recently joined 
the staff of Arthur D. Little, Inc., 
Cambridge, Mass. Dr. Mesick was 
the former commanding officer of 
the Watertown Arsenal, Watertown, 
Mass 


Otto R. Stach has been appointed 
project manager of the new ceramic 
fiber project unit established by 
Carborundum Co., Niagara Falls, 


N.Y 


M. W. Ohman has been named tech- 
nical assistant in the sales dept., 
Lithium Corp. of America, Minne- 
apolis, Minn. Mr. Ohman was for- 
merly a sales engineer with Haynes 
Stellite Co., Kokomo, Ind 


C. Davis Blackwelder, a vice presi- 
dent of Reynolds Metals Co., has 
been appointed consulting engineer 
for the operations div. of the com- 
pany and will be located in Rich- 
mond, Va. Mr. Blackwelder was 
formerly chief engineer for the com- 
pany 


Paul R. Grossman, chief research en- 
gineer, Babcock & Wilcox Co., has 
been appointed director of research, 


Alliance, Ohio. Mr. Grossman has 
been associated with B&W since 
1936 


Charles B. Sanborn has joined the 
electroplating section, development 
and research div., International 
Nickel Co., Inc., New York 


Edward Mackasek has retired as 
managing director of the Porcelain 
Enamel Institute, Washington, D. C 
John C. Oliver will head the staff 
operations of the PEI. Mr. Mackasek 
will serve as a consultant to the In- 
stitute 


George T. Deck, technical director at 
American Potash & Chemical Corp.'s 
main plant at Trona, Calif., has been 
named plant manager of the Ameri- 
can Lithium Chemicals, Inc., plant 
near San Antonio, Texas. American 
Lithium Chemicals, Inc., is owned 
by American Potash & Chemical 
Corp. and Bikita Minerals (Private) 
Ltd 


Carl D. Burkland has been promoted 
to chief industrial engineer by Wheel- 
ing Steel Corp., Wheeling, W. Va 
Mr. Burkland joined Wheeling in 
1946 as a production engineer at 
Yorkville, Ohio 


Torrence M. Hunt has been named 
advertising manager for Aluminum 
Co. of America, Pittsburgh. He has 
been associated with Alcoa since 
1947 


Hendrik de Wet Erasmus, Electro 
Metallurgical Co., Niagara Falls, 
N. Y. has won the 1955 Jacob F 
Schoellkopf Medal of the American 
Chemical Society, Western New 
York Section. The medal is given 
annual for “meritorious chemical ac- 
complishments” in the section area. 


William H. Wisely has become ex- 
ecutive secretary of the American 
Society of Civil Engineers. Mr 
Wisely joined the Society in 1936 
He became president of the Central 
Illinois Section in 1941 


Harry C. Platt has been appointed 
president of the engineered castings 
div., American Brake Shoe Co., New 
York. He succeeds N. G. Belury who 
was recently appointed sales vice 
president for the company 


Louis Eliman has been elected presi- 
dent of the M. H. Detrick Co. Mr 
Ellman was formerly vice president 
and district manager of the Pitts 
burgh office 


E. J. Appel, general manager of the 
western reduction div., has been ap- 
pointed manager of facilities devel 
opment of the reduction div., Rey- 
nolds Metals Co., Louisville, Ky 


Norman L. Deuble was appointed 
manager of the newly created met- 
allurgical development div., Climax 
Molybdenum Co., New York 


Louis Koenig, associate director of 
the Southwest Research Institute, 
has been appointed vice president 


A. L. Davis has been named presi- 
dent and treasurer of the Pennsy! 
vania Engineering Corp., New Castle 
Pa. William 8S. Wheeler, former 
president, was named chairman of 
the board. Clark Rossiter was named 
executive vice president and general 
manager and P. M. Pattison, vice 
president and secretary 


Wallace B. Leyda was appointed 
chief metallurgist for the Ohio seam 
less tube div., Copperweld Steel 
Corp., Shelby, Ohio 
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Obituaries 


An Appreciatior f 
Harvey 8S. Mudd 
By James L. Bruce 


Harve Seeley Mudd passed away 


inexpectedly ma aaeniy a a re 
alt f eart failure mn the early 
norr f Apr. 12, 1955, at | 
ome 4) Benedict Car n D ‘ 
Beve i Ca He was t r 
Lead f n Aug. 30 or 
Cs W. Mud und Della 
Mul M 1a M va 4 
wned and espected ning 
engines elevated sense of 
eth na esponsit t 
and Auencs trong re 
fhlected H In 190 he 
P ed | ele wit! nis 
father i fa 
ot ent. H ‘ attended Lo 
Stanf Ivy 
jate ngine¢ ne it 


Pst TI ige brought 
i ‘ wife 
“prague ina r 
Her at Mudd eeded 
Ha ‘ pre lent of ¢ Mine 
er ‘ hbeca ‘ nair 
un of the i on Jan. | } 
rte r fr ( 
H ‘ emy if tw ea 
4 t Shattuck Denr 
fathe ind P} p Wise in at their 
La ele headquart« f 
‘ ea ted | x 
uminations and perat 
Harve Mudd ‘ gifted wit 
eat taient mentality na 
ia ipacity for useful and 
persistent k. He loved people and 
leet terested ir ntribut 
eve ent experience 
‘ ‘ ecame st Detter qualified 
va 
Pris {Te ea 
A i 
‘ great adver 
va with the 
Mine ery e, re ected 
‘ t ‘ f ot \ 
rat grar ited ( 
Seel M PI p Wise 
ppe the P) ar ind R 
ar lie for ) ar ana 
erate t ‘ ef r 
ed overe G 14. but 
atte we ara 
lisapy t tia t Afte 
‘ thve pment wa 
te pted by Wi iW I Har 
ve © pe attentior ind 
leade [ er ng wit hus 
first t to Cypru wa 
arry gt enterprise 
throug? any trying years, with 
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H. S. MUDD 


lifficult operating and marketing 
litior to eventual prosperity 
As president and managing director 


he to be credited with the excel 
lent relations maintained with Cy 
pru Covernment representatives, 
th employes and with market 
yutlet Kilifully developed under 
his close personal direction. He was 
responsible for greatly improved 
initary and lving conditions of en 
et and related communities 
ind for many of the engineering fea 
tures of construction and operation 
The Cyprus operation is the most 
portant ning activity in the 
Nea East and one of Europe's 
greatest The property embraces 
three large mines and _ several 
ones. It is equipped with in- 
fustrial railway copper ieaching 
and neentrating plant, power 
plant tty, tug and lighters, in ad- 


lition to the mining plants. The 


ition s re sential property is 
ex ‘ ana t? lemented 
by excellent hospital, school, and 

nunity services. Several mil 
r f tons of products have been 
pped DY eaborne vessels in 
iding ipreous pyrite, iron pyrite 
pper ncentrate copper precipi 
tes, and goia and iver For some 
ear yanide plant was in opera 
n treating the gold Iver ore. The 
enterprise has been a major factor ir 
he mprovement of the economy 
ur ving standards of the Island of 


time passed, Cyprus Mines 
rp.—through it ibsidiary, Coro 
ido Copper & Zinc C acquired 


mining properties in the 


western part of the United States 


Afterthought mine in 

onasta County, Calif. and its group 
ne at Johnson Camp in Co- 
hise County, Ariz., have contributed 
tantial amounts of silver, lead. 

i pper to production. Re 


7u s are the Old Dick 
nd Copper Queen Mines near Bag 


Under Harvey Mudd’s energetic 
leadership as president of Cyprus 
Mines Corp., operations were ex- 
tended into iron ore production 
when the corporation in 1953 joined 
with Utah Construction Co. for the 
successful development of Marcona 
Mining Co.—and associated ocean 
transport enterprises—organized to 
produce iron ore from a deposit situ 
ated about 300 miles south of Lima, 
Peru. In recent years the corporate 


activities have also branched into 
petroleum and natural gas develop- 
ment and production partially 


through a subsidiary, Cyprus Petro 
leum Co., with indications that this 
will become quite successful. Har- 
vey s good judgment and leads rship 
are to be credited with much of this 
accomplishment 

During the growing years of Cy- 
prus Mines Corp. the venturesome 
spirit, boundless energy, and friend- 
ly associations of Harvey Mudd led 
him into participation as an individ- 
ual in other mining enterprises in 
which he often was the directing 
force, always very active in both ad- 
ministration and engineering. These 
ventures produced gold and silver at 
Cactus mine, Kern County, Calif.: 
silver at Silver Peak, Nev.; quick- 
silver at New Idria and Cachuma 
mines in California; silver, lead, zinc 
at Cia. Minera Venturosa near Nami- 
quipa, Mexico. He was a director of 
Mesabi Iron Co 

In engineering and industrial fields 
detached from metal mining, Har 
vey Mudd’s organizational skill and 
counsel was obtained through his 
service as director on the boards of 
directors of Southern Pacific Co 
Founders Insurance Co., and others 
He was a voting trustee of Pacific 
Mutual Life Insurance Co. He was 
an active director on the board of 
Texas Gulf Sulphur since 1926. He 
directed the development and opera 
tion of Pacific Alkali Co. which had 
been organized about 1925 by Colonel 
Mudd, Philip Wiseman, Harvey S 
Mudd, Seeley G. Mudd and William 
L. Honnold to produce soda ash, so 
dium sesquicarbonate and borax 
from the saline waters of Owen's 
Lake. The first commercial produc- 
tion of borax from Owen's Lake was 
from this ente rprise, which was sold 
to Pittsburgh Plate Glass Co. in 1944 
At the time of Harvey's death prep 
arations were under way to produce 
borates by underground mining from 
property at Boron, Calif. The prop 
erty contains part of one of the 
world’s greatest borate deposits 
During World War I, Harvey 
Mudd served as assistant secretary 
of the War Minerals Committee. and 
in the Bureau of Mines in Washing 
ton as a technologist He was a 
member of the Board of Consulting 
Engineers of the Los Angeles Metro- 
politan Water District which brought 


| 

dad } 


water to Los Angeles from the Colo- 
rado River. He was president of the 
Los Angeles Area War Chest in 1943, 
during World War II, consolidating 
the needs for local, national, and 
international purposes, into one 
fund-raising campaign. In 1944 he 
was appointed by Governor Earl 
Warren as head of the Citizens 
Advisory Committee of the State 
Reconstruction and Reemployment 
Commission. He was a councilor of 
the Mining & Metallurgical Society 
of America 

As an engineer and economist, 
Harvey Mudd was logical and exact- 
ing. He was conservative, seldom 
acting on impulse, but quite willing 
to speculate on carefully weighed 
hazards. He was especially consid- 
erate of those who were associated 
with him in enterprise and often 
unwilling to expose them to risks 
which would not have deterred him, 
personally 

Harvey Mudd had no political am- 
bitions. His sense of responsibility 
to the public was profound, and his 
capacity to serve in educational, cul- 
tural, artistic, and civil endeavors 
was great. Well-merited recognition 
came to him in many ways. In 1949, 
Columbia University bestowed on 
him the high honor of the Egleston 
Medal for distinguished engineering 
achievements after awarding him 
the honorary degree of Doctor of 
Science in 1947. Honorary degrees 
of Doctors of Law were conferred on 
him by Loyola University in 1943, 
and by University of California, Los 
Angeles, in 1941. In 1935, the Los 
Angeles Realty Board awarded him 
a citation as contributor of the most 
valuable and unselfish service to the 
community 

During Harvey Mudd’s lifetime his 
outstanding organizationa! and ad- 
ministrative ability had served many 
institutions. He was a trustee of the 
Rand Corp.; trustee of the California 
Institute of Technology: trustee of 
the American Heritage Foundation: 
trustee of the Southwest Museum: 
president of the Board of Fellows of 
Claremont College; and devoted in 
his services to all the Claremont 
Colleges. From 1934 to 1946, as pres 
ident of the Southern California 
Symphony Assn., which sponsors the 
Los Angeles Philharmonic Orchestra. 
he was the tireless leader of a group 
who kept the orchestra alive through 
several difficult seasons. He was a 
director of the Los Angeles Welfare 
Federation, which sponsors the Los 
Angeles Community Chest. He was 
a member of the board of governors 
of the Los Angeles Museum of His 
tory, Science, and Art; member of 
the Advisory Board of the Henry E 
Huntington Library and Art Gallery: 
chairman of the Board of Greater 
Los Angeles Plans, Inc.; a director of 
the Good Samaritan Hospital 

For many years the American In 
stitute of Mining, Metallurgical, and 
Petroleum Engineers was dear to 


Harvey Mudd. He was elected a 


member in 1917, serving as Director 
1923 to 1935, 1940 to 1944, 1946 to 
1948; as Vice President from 1937 to 
1940, and from 1943 to 1945, when he 
became President for the customary 
term of one year. He was a diligent 
worker on several important com- 
mittees and a Director on the Board 
of the Seeley W. Mudd Memorial 
Fund Committee for the advance- 
ment of sciences and arts of mining 
and metallurgy, established by Mrs 
Seeley W. Mudd and her sons, Har- 
vey Seeley Mudd and Dr. Seeley 
Greenleaf Mudd. On committees as 
Director, and during his terms as 
President and Vice President, he gave 
unsparingly of his time and broad 
experience in planning programs 
and procedures for the improvement 
of the Institute 

As one of those friends and asso- 
ciates who have benefited most from 
the genuinely warm personality, 
friendly cooperation, and sensible 
counsel of Harvey Mudd, I especially 
appreciate the great loss and sorrow 
in his passing, and sympathize deep- 
ly with his family and other friends 
William J. Kuntz (Member 1941) 
died Jan. 28, 1955. He was a lime 
plant engineer. Mr. Kuntz was presi- 
dent and general manager, Lime & 
Hydrates Plants Co., York, Pa. He 
was born in York in 1879. Among 
other companies, Mr. Kuntz was em- 
ployed by Ruggles-Coles Engineer- 
ing Co., York, and Blaw-Knox Co., 
Pittsburgh. He was also at one time 
president of McGamm Mfg. Co. in 
York 
John Roger (Member 1920) died 
Mar. 7, 1955 in New York. He and 
the late Thomas B. Stearns founded 
in 1886 the Stearns-Roger Mfg. Co. in 
Denver. Mr. Roger was vice presi- 
dent of the company from its in- 
corporation in 1891 until his retire- 
ment in 1908. He was born in Scot- 
land in 1858 


John J. Cadot (Member 1918), ex- 
ecutive vice president of Hardinge 
Co., Inc., York, Pa., died on Jan. 19, 
1955. Born in Salina, Kan. Mr 
Cadot received a degree in min- 
ing engineering from the Colorado 
School of Mines. Two years later he 
joined the Hardinge Co. During the 
first world war he was a lieutenant 
in the Air Force and following his 
discharge, Mr. Cadot returned to the 
Hardinge Co. He was placed in 
charge of the Denver, Colo. opera- 
tions and in 1920 was transferred to 
York, Pa. He subsequently became 
works manager, vice president and 
treasurer. In June 1953, Mr. Cadot 
was elected executive vice president 


William R. Ellis (Member 1937), re- 
tired vice president and director of 
the Hercules Powder Co., died on 
Jan. 30, 1955. He has served Hercules 
for 39 years and retired in 1953. Mr 
Ellis was a graduate of Stanford 
University and worked in western 
gold and copper mines before join- 
ing Hercules. As general manager of 
the explosives dept. for the company, 


he directed the operations of six 
government-owned munitions plants 
as well as the company’s own work. 


Thomas Sydney Quinn (Member 
1921), co-founder and treasurer of 
Lebanon Steel Foundry, Lebanon, 
Pa., died on Feb, 20, 1955. Mr. Quinn 
was born in Brooklyn, N. Y. in 1887 
With his partner, W. H. Worrilow, 
he established Lebanon Steel Found- 
ry in 1911. Prior to the organization 
of that firm, he held positions with 
the Colorado Fuel & Iron Co., Amer- 
ican Iron & Steel Mfg. Co., and Leb- 
anon Steel Casting Co., a subsidiary 
of the Treadwell Engineering Co 


Virgil M. Maxwell (Member 1953) 
died on Nov. 14, 1954. Mr. Maxwell 
was a native of Ohio and attended 
the Case Institute of Technology. He 
had been sales manager for Metal 
Blast, Inc., Cleveland. In 1924 he had 
been associated with the Cleveland 
Electric Illuminating Co. From 1928 
to 1937 he was engaged in sales and 
engineering for Frigidaire, Norge, 
and General Electric in refrigeration 
and air conditioning 


S. W. Livingston (Member 1909), 
president, Ore, Metal & Engineering 
Corp., San Francisco, died on Jan. 
5, 1955. Mr. Livingston was a gradu- 
ate of the University of Minnesota. 
From 1903 to 1909 he was employed 
by various mining concerns in the 
west. He became general manager 
for the Crown Reserve Mining Co., 
Cobalt, Ont., in 1907. Several years 
later he became a consulting engi- 
neer 


David 8S. Jacobus (Member 1888) 
died on Feb. 11, 1955. Dr. Jacobus 
was born in Ridgefield, N. J. in 1862 
He was graduated from Stevens In- 
stitute of Technology. He received a 
degree of doctor of engineering from 
the same university in 1906. He 
joined Babcock & Wilcox Co. as an 
advisory engineer and head of its 
engineering dept., remaining with 
them until his retirement in 1941 
He was elected a trustee of Stevens 
in 1909 


An Appreciation of 
Viadimir Alexander Grodsky 
By Jesse A. Kingsbury 


Viadimir Alexander Grodsky, a 
1917 Member, died January 6, in Or- 
lando, Fla., following surgery. He wa 
buried at Gainsville, not far from 
Melrose where he and Mrs. Grodsky 
had made their home since his re- 
tirement in 1951 

Mr. Grodsky had lived in the U.S 
since 1915, coming in regard to 
munitions contracts placed by his 
government with American manu 
facturers. He became a citizen of the 
U. S. in 1920 

He was born in Russia, Dec. 21, 
1879, educated at the Moscow Tech- 
nical High School and the Poly- 
technical Institute at Riga, receiving 
a degree in metallurgical engineer- 
ing in 1904. His early metallurgical 
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experience was gained in steel 
plants in the Urals augmented by a 
four year tour abroad where he 
gained practical experience in the 
stee] mills of Germany and Eng- 
land. He returned in 1910 to be- 
ome iperintendent of cartridge 
ase manufacture in the Russian 
Naval Gun Factory near Petrograd 
remaining until the start of World 
War I 

Upon Russia's withdrawal as an 
ally in 1918 and until Germany's 
capitulation Mr. Grodsky was asso- 
ciated with several American muni 


f consultant 


tions manula 


He spent part of 1919 in China for 


turers as 


the Russian Provisional Government 
From 1920 to 1928 he was with such 
organizations as the American Can 
Co., the American Brass Co., and the 
Stainle Steel Tube Co 
From 1928 he wus associated with 
the National Bureau of Standards 
transferring to the Naval Gun Fa 
tory in 134 where he remained 
until his retirement in 1950. He was 
s consultant with the Bureau of 
Mine intil 1951 when he moved to 
Melrose, Fla 
In h 22 years with the Naval 
jun Factory he was engaged in 
ur phases f metallurgy-—as a 
etallurgist in the foundries—in 
ge of the radiographic ‘nspex 
f astings and weldments in 
elopment of alloy for special 
purposes and for conserving critical 
ement n development of mold- 
iterials and related processes 
He : ictive in the various tech 
Ir iddition t the 
LIME he was a member of the ASM 
ind the Washington Society of Engi 
He was active in St. Nicholas Rus 


in Orthodox Church while in 


H je survivor in the U. S. is 
wife Mae, who is presently on 
e staff of the University of Florida 
it Gain 
Necrology 
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A new era in the art of forging has been 
established as production goes forward on 
this 35,000-ton closed die forging press. 
Larger forgings with closer tolerances than 
heretofore possible open new concepts in 
forging design. Wyman-Gordon continues 
to pioneer by Keeping Ahead of Progress 


WYMAN-GORDON Co. 


Established 1883 
FORGINGS OF ALUMINUM © MAGNESIUM 
STEEL © TITANIUM 


WORCESTER 1, MASSACHUSETTS 
HARVEY,ILL. * DETROIT, MICH. 
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FROM CHARGE TO FINISHED INGOT 


The United States Graphite Company has served the steel 
industry for a half century with products to improve steel 
making from the furnace to the finished ingot. Our engineer- 
ing service and laboratories are constantly working on new 
products to solve your steel production problems. The products 
listed here are a few of the most popular and widely used — 
why not investigate them — they can cut your costs. 


PRODUCTS 
USG IMPROVE STEEL MAKING 


C A B Xe (engineering bulletin +11) 
insures carbon specifications 

RECARB-X is ideal for off-carbon heats. A fifty pound bag 
per 100-tons of steel will raise carbon two points when added 
to the ladle. RECARB-X dissolves quietly, gives uniform, 


dependable carbon recovery at all carbon levels. There are 
grades of RECARB-X for the furnace charge. 


MEXICAN] MOLD WASHES crcincering bvitetin #15) 
for better ingot surfaces 


For as little as 44c per ingot ton, you can insure quicker, easier 
mold stripping with MEXICAN Ingot Mold Washes. MEX 
and 90-B can be applied at any temperature and are easy to 
prepare and use. Where a high volatile “gas kick” is needed, 
VOLMEX or XF-81 will supply the answer. For an inert, non- 
carbonaceous mineral coating, XF-88 will do the job. 


M E X A T 0 Po (engineering bulletin =5) 
MEXATOP is a powder compound which spreads easily over 
molten ingot heads and casting risers. A 4%” layer over the 


molten surface works effectively to prevent cavitation and 
insure sounder castings. 


Write for Engineering Bulletins describing these products. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION * SAGINAW, MICHIGAN 
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